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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in Spring 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction  

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Sacramento Municipal Utility 

District and Los Angeles Department of Water and Power (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that would result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposals presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Building Energy Efficiency Standards website for information about 

the rulemaking schedule and how to participate in the process: 

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-

standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present code change proposals for 

alterations and additions in residential buildings. The report contains pertinent 

information supporting the code change. 

Measure Description 

Background Information 

By 2023 it is estimated that there will be over 13 million existing residential dwelling 

units in California (California Energy Commission 2019a). Almost 60 percent of these 

were built before the California Energy Code went into effect in 1978. The Energy 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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Commission estimates that over the course of the 2023 code cycle, about 125,000 new 

dwelling units will be built each year. New construction has been the focus of recent 

Title 24, Part 6 code updates; however, existing buildings represent a significant 

savings opportunity and one that must be addressed in order to respond to statewide 

goals. Assembly Bill 3232, signed by Governor Brown in 2018, requires the Energy 

Commission to identify policies that reduces greenhouse gas emissions from the 

existing building stock by 40 percent below 1990 levels by 2030.  

Proposed Code Change 

The code change proposals impact residential alterations and additions. They were 

originally developed based on the low-rise residential code, Section 150.2 of Title 24, 

Part 6, and have since been expanded to cover single family and all multifamily 

buildings. Most of the proposals revise prescriptive requirements in the California 

Energy Code. There are also proposals that add compliance options for alterations. The 

proposed submeasures are described below. 

¶ Expand the climate zones where cool roofs are required for steep-sloped and 
low-sloped roof replacements. 

¶ Add a roof deck insulation requirement for low-sloped roofs at time of roof 
replacement in certain climate zones. 

¶ Prohibit electric resistance space heating and water heating replacement 
equipment under certain conditions in most climate zones. 

¶ Reduce the duct sealing target for altered duct and space conditioning systems 
in all climate zones for single family buildings. 

¶ Increase the prescriptive duct insulation requirements in certain climate zones. 

¶ Reduce the 40-foot trigger for prescriptive duct sealing and insulation 
requirements in all climate zones for systems serving existing zones and 
eliminate the trigger for systems serving additions. 

¶ Add a prescriptive requirement for attic sealing and insulation for altered ceilings 
and when an entirely new or complete replacement duct system is installed in 
certain climate zones. 

¶ Increase prescriptive attic insulation requirements for additions of 700 square 
feet or less in certain climate zones. 

¶ Add three compliance options for alterations: revised blower door/air infiltration 
credit, fireplace removal credit, and quality insulation installation for alterations 
credit. 
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Scope of Code Change Proposal 
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Table 1 summarizes the scope of the proposed changes and which sections of 

Standards, Reference Appendices, Alternative Calculation Method (ACM) Reference 

Manual, and compliance documents that would be modified as a result of the proposed 

change(s). 
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Table 1: Scope of Code Change Proposal 

Measure 
Name 

Type of 
Requirement 

Modified 
Section(s) 
of Title 24, 
Part 6 

Modified 
Title 24, 
Part 6 
Appendi
ces 

Would 
Compliance 
Software Be 
Modified 
(Revised ACM 
Reference 
Manual 
Sections) 

Modified 
Compliance 
Document(s) 

Cool roof for 
steep-sloped 
roofs 

Prescriptive 150.2(b)1Ii N/A 
Yes 

(2.10.4.3) 

CF1R-ALT-01-E 

CF1R-ALT-05-E 

Cool roof for 
low-sloped 
roof 

Prescriptive 150.2(b)1Iii N/A 
Yes 

(2.10.4.3) 

CF1R-ALT-01-E 

CF1R-ALT-05-E 

Roof deck 
insulation for 
low-sloped 
roofs 

Prescriptive 150.2(b)1Iii N/A 
Yes 

(2.10.4.3) 

CF1R-ALT-01-E 

CF1R-ALT-05-E  

CF2R-ALT-05-E 

CF2R-ENV-04-E 

Electric 
resistance 
space 
heating 

Prescriptive 
150.2(b)1C 
150.2(b)1G 

N/A 
Yes 

(2.10.4.8) 
CF1R-ALT-02-E 

Electric 
resistance 
water 
heating 

Prescriptive 
150.2(b)1H

iii 
N/A 

Yes 
(2.10.4.10) 

CF1R-ALT-01-E 

CF1R-ALT-05-E 

Prescriptive 
duct sealing 

Prescriptive 
150.2(b)1D 

150.2(b)1E 

RA3.1.4.
2 

Yes 
(2.10.4.9) 

N/A 
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Measure 
Name 

Type of 
Requirement 

Modified 
Section(s) 
of Title 24, 
Part 6 

Modified 
Title 24, 
Part 6 
Appendi
ces 

Would 
Compliance 
Software Be 
Modified 
(Revised ACM 
Reference 
Manual 
Sections) 

Modified 
Compliance 
Document(s) 

Prescriptive 
duct 

insulation 
Prescriptive 150.2(b)1D N/A 

Yes 
(2.10.4.9) 

N/A 

40-ft trigger 
for 

prescriptive 
duct 

requirements 

Prescriptive 
150.2(a) 

150.2(b)1D 
N/A 

Yes 
(2.10.4.9) 

CF1R-ALT-02-E 

CF2R-MCH-01-H 

Prescriptive 
attic 

insulation for 
alterations 

Prescriptive 

110.8(d)1 

150.2(b)1A 
(new 
section) 

150.2(b)1D 

N/A 
Yes 

(2.10.4.3) 

CF1R-ALT-01-E  

CF1R-ALT-05-E 

CF1R-ALT-02-E 

CF2R-ALT-05-E 

CF2R-ENV-03-E 

Prescriptive 
attic 

insulation for 
additions 

Prescriptive 150.2(a)1B N/A 
Yes 

(2.10.4.3) 
N/A 

Compliance 
options for 
alterations 

Compliance 
Option 

N/A 
RA3 

RA4 

Yes 

(2.10.4.1) 

(2.10.4.7) 

CF2R-ENV-03-E 

CF2R-ENV-21-H 

CF2R-ENV-22-H 

CF3R-ENV-21-H 

CF3R-ENV-22-H 

CF3R-EXH-20-H 
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Market Analysis and Regulatory Assessment 

The Statewide CASE Team performed a market analysis with the goals of identifying 

current technology availability, current product availability, market trends, and how the 

standard would affect individual market actors. Information was gathered about the 

incremental cost of complying with the proposed measure. Estimates of market size and 

measure applicability were identified through research and outreach with stakeholders 

including utility program staff, Energy Commission staff, and a wide range of industry 

actors including roofing contractors, roofing industry representatives, manufacturers, 

and consultant. In addition to conducting personalized outreach, the Statewide CASE 

Team discussed the current market structure and potential market barriers during public 

stakeholder meetings that the Statewide CASE Team held on November 12, 2019 

(Statewide CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE 

Team 2019c)) and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE 

Team 2020b), (Statewide CASE Team 2020c)). 

Cost Effectiveness  

The proposed prescriptive code changes were found to be cost effective for all climate 

zones where required. The benefit-to-cost (B/C) ratio compares the benefits or cost 

savings to the costs over the 30-year period of analysis. Proposed code changes that 

have a B/C ratio of 1.0 or greater are cost-effective. The larger the B/C ratio, the faster 

the measure pays for itself from energy cost savings. The B/C ratio for all the 

submeasures covered a broad range, from minimally cost effective with a B/C ratio just 

over 1.0 to a B/C ratio greater than 17. See Sections 2.4, 3.4, 4.4, and 5.4 for the 

methodology, assumptions, and results of the cost-effectiveness analysis.  

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

Table 2 presents the estimated energy and demand impacts of the proposed code 

change that would be realized statewide during the first 12 months that the 2022 Title 

24, Part 6 requirements are in effect. First-year statewide energy impacts are 

represented by the following metrics: electricity savings in gigawatt-hours per year 

(GWh/yr), peak electrical demand reduction in megawatts (MW), natural gas savings in 

million therms per year (million therms/yr), and time dependent valuation (TDV) energy 

savings in kilo British thermal units per year (TDV kBtu/yr). See Sections 2.5, 3.5, 4.5, 

and 5.5 for more details on the first-year statewide impacts calculated by the Statewide 

CASE Team. Sections 2.3, 3.3, 4.3, and 5.3 contain details on the per-unit energy 

savings calculated by the Statewide CASE Team.  
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The compliance options submeasures do not modify the stringency of the California 

Energy Code and therefore do not include energy savings estimates in this report. 

Table 2: First-Year Statewide Energy and Impacts  

Measure 

 

Electricity 
Savings 

(GWh/yr) 

Peak 
Electrical 
Demand 
Reduction 

(MW) 

Natural Gas 
Savings 

(MMtherms/yr) 

TDV Energy 
Savings 

(TDV 
kBtu/yr) 

Cool roof for steep-
sloped roofs 

 7.5   4.64   (0.03)  400.7  

Cool roof for low-
sloped roof 

62.0 35.28 (2.13) 1,718.3 

Roof deck insulation for 
low-sloped roofs 

 47.3   14.30   2.14   2,769.8  

Electric resistance 
space heating 

 10.3   0.08   N/A  313.3  

Electric resistance 
water heating 

 50.7   5.44   N/A  1,312.7  

Prescriptive duct 
sealing 

 4.2   2.58   0.29   355.3  

Prescriptive duct 
insulation 

 0.2   0.15   0.01   19.4  

Prescriptive attic 
insulation for 
alterations 

 7.5   3.42   0.42   477.7  

Prescriptive attic 
insulation for additions 

0.02 0.01 0.001 1.7 

Table 3 presents the estimated avoided GHG emissions associated with the proposed 

code change for the first year the standards are in effect. Avoided GHG emissions are 

measured in metric tons of carbon dioxide equivalent (Metric Tons CO2e). Assumptions 

used in developing the GHG savings are provided in Sections 2.5.2, 3.5.2, 4.5.2, 5.5.2 

and Appendix C of this report. The monetary value of avoided GHG emissions is 

included in TDV cost factors and is thus included in the cost-effectiveness analysis.  
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Table 3: First-Year Statewide GHG Emissions Impacts 

Measure 

Avoided GHG 
Emissions 

(Metric Tons 
CO2e/yr) 

Monetary Value of 
Avoided GHG 
Emissions 

($2023) 

Cool roof for steep-sloped roofs  1,622  $172,287 

Cool roof for low-sloped roof  3,307  $351,239 

Roof deck insulation for low-sloped roofs  23,041  $2,447,000 

Electric resistance space heating  2,477  $263,044 

Electric resistance water heating  12,189  $1,294,466 

Prescriptive duct sealing  2,568  $272,707 

Prescriptive duct insulation  121  $12,834 

Prescriptive attic insulation for alterations  4,090  $434,355 

Prescriptive attic insulation for additions  9  $1,006 

Total 49,424 $5,248,938 

Water and Water Quality Impacts 

The proposed measure is not expected to have any impacts on water use or water 

quality, excluding impacts that occur at power plants. 

Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. The compliance process is described in the Compliance 

and Enforcement Sections. Impacts that the proposed measure would have on market 

actors is described in the Market Impacts and Economic Assessments Sections and 

Appendix E. The key issues related to compliance and enforcement are summarized 

below:  

¶ Roof insulation for low-sloped roofs at time of roof replacement is a new 
requirement for low-rise residential buildings. Currently, jurisdictions rarely 
conduct plan review for roof replacements, particularly in climate zones where 
cool roofs are not required under existing code. The degree to which jurisdictions 
conduct onsite inspections varies, which could result in inconsistencies in 
implementation. The code change proposal includes several detailed exceptions; 
when a project applies for an exception itôs important that there is verification that 
the project qualifies. However, this would be an additional requirement on the 
building department which may be challenging based on available resources. 
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¶ Attic insulation and air sealing at time of duct system replacement in vented attics 
is a new requirement that may require new trades on projects that typically only 
require a mechanical contractor. The proposed code change represents an 
opportunity for mechanical contractors to provide additional services, however 
there are challenges which are discussed in Section 5.1.5.  

¶ With increased stringency in code requirements there is always concern that this 
may result in some alteration projects proceeding without applying for a permit. 
These code changes should be accompanied by education and outreach 
programs targeted at contractors, building departments, and building owners. 
Utility incentive programs throughout the 2019 Title 24, Part 6 code cycle, and 
perhaps into the 2022 code cycle as well, can encourage early adopters and 
support a market transformation for improving existing homes. Local reach codes 
can also play a similar role.  

Field Verification and Diagnostic Testing 

Field verification and testing by a HERS rater is required for air sealing component of 

the attic insulation for alterations submeasure, the prescriptive duct sealing submeasure 

and the performance approach compliance options. HERS verification of existing 

conditions is also required if one of the existing insulation R-value exceptions is used for 

the attic insulation for alterations submeasure. All other proposed measures rely on the 

building department permit review and onsite inspections to confirm compliance. 
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1. Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in Spring 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that would result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposal presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present code change proposals for residential 

additions and alterations. The report contains pertinent information supporting the code 

changes. 

When developing the code change proposals and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including roofing contractors, mechanical and plumbing contractors, 

building officials, manufacturers, designers, HERS Raters, Title 24 energy analysts, 

industry groups, and others involved in the code compliance process. The proposal 

incorporates feedback received during public stakeholder workshops that the Statewide 

CASE Team held on November 12, 2019 (Statewide CASE Team 2019a), (Statewide 

CASE Team 2019b), (Statewide CASE Team 2019c)) and March 5, 2020 ( (Statewide 

CASE Team 2020a), (Statewide CASE Team 2020b), (Statewide CASE Team 2020c)). 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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By 2023 it is estimated that there will be over 13 million existing residential dwelling 

units in California (California Energy Commission 2019a). Almost 60 percent of these 

were built before the California Energy Code went into effect in 1978. See Figure 1 for a 

breakdown of total single family and multifamily units statewide. The Energy 

Commission estimates that over the course of the 2023 code cycle, about 125,000 new 

dwelling units will be built each year. New construction has been the focus of recent 

Title 24, Part 6 code updates; however, existing buildings represent a significant 

savings opportunity and one that must be addressed in order to respond to statewide 

goals. Assembly Bill 3232, signed by Governor Brown in 2018, requires the Energy 

Commission to identify policies that reduce greenhouse gas emissions from the building 

stock by 40 percent below 1990 levels by 2030.  

 

 

Figure 1: Total number of residential single family and multifamily dwelling units 
in California. 

Source: Statewide construction forecasts provided by the Energy Commission (California Energy 

Commission 2019a).  

These code change proposals have been developed based on the low-rise residential 

code, Section 150.2 of Title 24, Part 6, to cover low-rise single family and multifamily 

buildings. As part of the 2022 code cycle, the Statewide CASE Team and the Energy 

Commission are proposing to align the low-rise and high-rise multifamily requirements 

and reorganize the Standards so that all multifamily requirements are in a single 

section. In this report the Statewide CASE Team presents energy savings, cost 

effectiveness analysis, and proposed code change language for low-rise residential 

buildings. The Multifamily Restructuring CASE Report covers proposals related to 
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multifamily restructuring and unification of low-rise residential and high-rise residential 

requirements beyond the scope of this CASE Report.1 

This code change should be accompanied by education and outreach programs 

targeted at contractors, building departments, and building owners. Utility incentive 

programs throughout the 2019 Title 24, Part 6 code cycle, and perhaps into the 2022 

code cycle as well, can encourage early adopters and support a market transformation 

for improving existing homes. Local reach codes can also play a similar role.2  

The following is a brief summary of the contents of this report. Each subsection is 

repeated for each of the five proposed submeasure groups. Each submeasure group 

includes two to three submeasures.  

¶ Subsection 1 ï Measure Description of this CASE Report provides a description 
of the measure and its background. This section also presents a detailed 
description of how this code change is accomplished in the various sections and 
documents that make up the Title 24, Part 6 Standards. 

¶ Subsection 2 ï In addition to the Market Analysis section, this section includes a 
review of the current market structure. Section 2.2 describes the feasibility issues 
associated with the code change, including whether the proposed measure 
overlaps or conflicts with other portions of the building standards, such as fire, 
seismic, and other safety standards, and whether technical, compliance, or 
enforceability challenges exist.  

¶ Subsection 3 ï Energy Savings presents the per-unit energy, demand reduction, 
and energy cost savings associated with the proposed code change. This section 
also describes the methodology that the Statewide CASE Team used to estimate 
per-unit energy, demand reduction, and energy cost savings. 

¶ Subsection 4 ïIn addition to the Market Analysis section, this section includes a 
review of the current market structure. It also includes estimates of incremental 
maintenance costs, i.e., equipment lifetime and various periodic costs associated 
with replacement and maintenance during the period of analysis.  

¶ Subsection 5 ï First-Year Statewide Impacts presents the statewide energy 
savings and environmental impacts of the proposed code change for the first 
year after the 2022 code takes effect. This includes the amount of energy that 
would be saved by California building owners and tenants and impacts 
(increases or reductions) on material with emphasis placed on any materials that 
are considered toxic by the state of California. Statewide water consumption 
impacts are also reported in this section. 

 

1 More information on the code change proposals is available here: 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/ 

2 More information on local reach codes can be found here: https://localenergycodes.com/ 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/
https://localenergycodes.com/
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¶ Subsection 6 ï Proposed Revisions to Code Language concludes the report with 
specific recommendations with strikeout (deletions) and underlined (additions) 
language for the Standards, Reference Appendices, Alternative Calculation 
Method (ACM) Reference Manual, Compliance Manual, and compliance 
documents.  

¶ Section 7 ï Bibliography presents the resources that the Statewide CASE Team 
used when developing this report. 

The following is a brief summary of the Appendices included in this report. 

¶ Appendix A: Statewide Savings Methodology presents the methodology and 
assumptions used to calculate statewide energy impacts. 

¶ Appendix B: Embedded Electricity in Water Methodology presents the 
methodology and assumptions used to calculate the electricity embedded in 
water use (e.g., electricity used to draw, move, or treat water) and the energy 
savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the methodologies 
and assumptions used to calculate impacts on GHG emissions and water use 
and quality. 

¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 
Specification presents relevant proposed changes to the compliance software (if 
any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 
recommended compliance process could impact identified market actors. 

¶ Appendix F: Summary of Stakeholder Engagement documents the efforts made 
to engage and collaborate with market actors and experts. 

¶ Appendix G: Description of Prototypes describes the existing building prototypes 
used in the energy analysis. 

¶ Appendix H: Additional Analysis provides additional analysis for select measures. 

¶ Appendix I: Nominal Cost presents results energy cost savings results based on 
nominal costs. 
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2. Roof Replacements, Cool Roofs & Insulation 

2.1 Measure Description  

2.1.1 Measure Overview 

This section covers two prescriptive code change proposals: 1) cool roofs at steep-

sloped and low-sloped roof replacement and 2) roof insulation at low-sloped roof 

replacement. These submeasures would apply to all low-rise residential buildings, 

including single family and multifamily.  

2.1.1.1 Cool Roofs at Roof Replacement 

This submeasure expands the current cool roof requirements at time of roof 

replacement for steep-sloped and low-sloped roofs to additional climate zones and 

revises the existing exceptions. Table 4 describes the existing and proposed code 

requirements for minimum aged solar reflectance and minimum thermal emittance. 

Table 4: Summary of Existing and Proposed Cool Roof Requirements (Minimum 
Aged Solar Reflectance/Minimum Thermal Emittance) 

Climate 
Zones 

Steep-Sloped Low-Sloped 

Existing 
Proposed 
Single 
Family 

Proposed 
Multifamily 

Existing 
Proposed 
Single 
Family 

Proposed 
Multifamily 

1, 3, 5, 16 N/A N/A N/A N/A N/A N/A 

6-7 N/A N/A N/A N/A 0.63/0.75 0.63/0.75 

2 N/A N/A 0.20/0.75 N/A N/A 0.63/0.75 

4, 8-9 N/A 0.20/0.75 0.20/0.75 N/A 0.63/0.75 0.63/0.75 

10-12, 14 0.20/0.75 0.20/0.75 0.20/0.75 N/A 0.63/0.75 0.63/0.75 

13, 15 0.20/0.75 0.20/0.75 0.20/0.75 0.63/0.75 0.63/0.75 0.63/0.75 

Currently, a variety of exceptions are allowed for steep-sloped roofs on low-rise 

residential buildings. This proposed change revises the existing exceptions and allows 

for the following alternative options.  

a. Buildings with at least R-38 ceiling or roof insulation 

b. Buildings with a radiant barrier in the attic where the radiant barrier is not 
installed directly over spaced sheathing 

c. Buildings with R-2 or greater insulation above the roof deck 

d. Buildings that have no ducts in the attic in Climate Zones 2, 4, 9, 10, 12, and 14 

These four alternatives are estimated to result in similar or greater total savings than a 

roof with an aged solar reflectance of 0.20. The existing radiant barrier option is revised 
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to not allow this alternative path if a radiant barrier is installed over spaced sheathing, 

which reduces the impact of the radiant barrier by almost half. The existing option for 

ducts located outside of the attic is revised to only allow this option in climate zones 

where the cool roof is not cost effective based on a building with ducts inside 

conditioned space. See Appendix H for analysis results with ducts in conditioned space. 

Three of the existing exceptions are proposed to be removed, Table 5 provides details 

on the exceptions and the reasons for deleting them. 

Table 5: Exceptions to the Steep-Sloped Cool Roof Requirements Proposed for 
Deletion 

Existing Exception Reason for Deletion 

Air-space of 1.0 inch (25 
mm) is provided between 
the top of the roof deck to 
the bottom of the roofing 

product. 

Create consistency in the requirements applying 
equally to all roofs regardless of product types. 

The installed roofing 
product has a profile ratio of 
rise to width of 1 to 5 for 50 
percent or greater of the 
width of the roofing product. 

Create consistency in the requirements applying 
equally to all roofs, regardless of product types. 

Existing ducts in the attic 
are insulated and sealed 
according to Section 

150.1(c)9. 

This exception is no longer valid, Section 150.1(c)9 
does not reference duct sealing requirements only duct 
insulation requirements. Duct sealing requirements 
have been moved from Section 150.1 to 150.0 and are 
now mandatory for new homes in addition to the 
prescriptive requirements for cool roofs.  

For low-sloped roofs on low-rise buildings, the current Exception 1 exempts projects 

with no ducts in the attic. This exception is eliminated since most buildings with low-

sloped roofs do not have an attic space and the cost-effectiveness calculations 

conducted for this CASE Report are based on a building with ducts in conditioned 

space. The current Exception 2 allows for trade-offs between the aged solar reflectance 

and above roof deck insulation. Table 6 presents the revised trade-off values that reflect 

the new roof insulation requirements that are described in Section 2.1.1.2 for the climate 

zones where both a cool roof and roof insulation is prescriptively required. Equivalent 

combinations of solar reflectance and continuous insulation were determined based on 

results of energy simulations.  
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Table 6: Aged Solar Reflectance Trade Off Table 

Minimum 
Aged Solar 
Reflectance 

Roof Deck Continuous 
Insulation R-value 

(Climate Zones 6-7) 

Roof Deck Continuous 
Insulation R-value 

(Climate Zones 2, 4, 8-15) 

0.60 R-2 R-16 

0.55 R-4 R-18 

0.50 R-6 R-20 

0.45 R-8 R-22 

No requirement R-10 R-24 

2.1.1.2 Roof Insulation at Low-Sloped Roof Replacement 

This submeasure adds a prescriptive requirement for above deck roof insulation at time 

of roof replacement for low-sloped roofs. Currently, there is no requirement for low-rise 

residential buildings; there is an existing requirement for R-14 insulation for high-rise 

residential buildings. See Table 7 for a summary of existing and proposed low-rise 

residential requirements. 

Table 7: Summary of Existing and Proposed Insulation Requirements for Low-
Sloped Roofs at Time of Roof Replacement (Above Deck Continuous Insulation 
R-value) 

Climate Zones Existing Proposed 

3, 5-7 N/A N/A 

1, 2, 4, 8-16 N/A R-14 

The following summarizes the exceptions that are proposed for this code change. The 

first exception allows for projects that already have continuous insulation installed at a 

value of R-10, about 70 percent of the R-value of the R-14 requirement. Modeling 

showed that adding additional insulation when the base condition already has some 

minimum level of continuous insulation is not always cost effective. The last three 

exceptions have been developed based on the current exceptions for the insulation 

requirement for high-rise residential and nonresidential buildings in Section 

141.0(b)2Biii; however, they have been revised to better low-rise residential roof reflect 

conditions. Item iii and iv allow for a lower level of continuous insulation thickness when 

certain conditions are met. Item iii qualifies this as R-4, which can be achieved with 1-

inch or less of insulation.  

i. Existing roofs with a minimum continuous insulation R-value of at least R-10 are 
not required to meet the R-value requirements.  

ii. Existing roofs with a minimum cavity insulation R-value of at least R-19 in certain 
climate zones. This exception is based on cost effectiveness results using the 
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existing building prototypes with R-19 roof insulation, see Appendix H for 
analysis results. 

iii. Continuous insulation over the entire roof may be reduced to R-4 where: 

a. Mechanical equipment is located on the roof and adding insulation would 
reduce the base flashing height to less than that allowable by the 
California Residential Code. 

b. The roof has sidewall or parapet walls and adding insulation would reduce 
the base flashing height to less than that allowed by the California 
Residential Code. 

iv. Where adding insulation would result in the necessity to move existing exterior 
windows or doors, increased thickness may be reduced over the entire roof. 

v. Allowance to use tapered insulation provided that the average thermal resistance 
equals or exceeds the required value. 

2.1.2 Measure History 

2.1.2.1 Cool Roofs at Roof Replacement 

A cool roof is a roofing product that provides higher solar reflectance and thermal 

emittance than a standard roofing product. When solar radiation hits a roof surface, a 

portion of the visible, infrared, and ultraviolet energy is absorbed, and a portion is 

reflected. Thermal emittance describes the ability of the roof surface to radiate energy 

once absorbed. The ñcoolerò the roof, the more energy the roof surface reflects and the 

better it is at emitting absorbed energy. A roof with a solar reflectance and thermal 

emittance of 0 is not reflective or emissive at all. A solar reflectance of 1 indicates 

complete reflectivity. A thermal emittance of 1 indicates complete emissivity. Cool roofs 

with very high solar reflectance values, such as those that meet the low-sloped 

requirements of 0.63 solar reflectance, are typically very light or white in color. However, 

there are many cool roof products that use darker colored pigments and meet the steep-

sloped requirements of 0.20 solar reflectance. Solar reflectance and thermal emittance 

can be reduced over time by weathering and soiling. Most of these impacts occur over 

the first couple of years of life; therefore, roofs are tested based on an aged solar 

reflectance and aged thermal emittance measured after three years. 

Cool roof requirements for roof replacements in low-rise residential buildings were 

introduced in the 2008 Title 24, Part 6 code. The requirements have not changed 

significantly in over a decade. In the 2008 Title 24, Part 6 Standards, the low-rise 

requirements were for a minimum 0.20 aged solar reflectance and 0.75 thermal 

emittance roof for steep-sloped roofs in Climate Zones 10 through 15, and a minimum 

0.55 aged solar reflectance roof 0.75 thermal emittance for low-sloped roofs in Climate 

Zones 13 and 15. The current requirements are identical except that the aged solar 
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reflectance for low-sloped roofs increased to 0.63, which happened in the 2013 code 

cycle, and the exceptions have been slightly revised over time.  

2.1.2.2 Roof Insulation at Low-Sloped Roof Replacement 

Roof insulation is the application of continuous insulation above the roof deck and below 

the exterior roofing material. This submeasure has not been considered for low-rise 

residential buildings in past code cycles. The current requirement for high-rise 

residential buildings has been in place since the 2008 Title 24, Part 6 code. There have 

been no changes since then, except for minor revisions to the allowable exceptions. 

2.1.3 Summary of Proposed Changes to Code Documents  

The sections below summarize how the standards, Reference Appendices, ACM 

Reference Manuals, and compliance documents would be modified by the proposed 

changes and covers both the cool roof and roof insulation submeasures. See Section 

2.6 of this report for detailed proposed revisions to code language. 

2.1.3.1 Summary of Changes to the Standards 

The two submeasures would modify the following sections of the California Energy 

Code as shown below. See Section 2.6.2 of this report for marked-up code language. 

SECTION 150.2 ï ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND 

ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS 

Section 150.2(b)1Ii: Revise to reflect the additional climate zones where the cool roof 

requirements would apply and the proposed changes to the exceptions.  

Section 150.2(b)1Iii: Add subsections a and b. Locate the existing cool roof 

requirements under subsection a and revise to reflect the additional climate zones 

where cool roofs are proposed. Revise the exceptions including TABLE 150.2-B AGED 

SOLAR REFLECTANCE TRADE OFF TABLE. Add the requirement for continuous 

insulation in new subsection b. 

2.1.3.2 Summary of Changes to the Reference Appendices 

The two proposed submeasures would not modify the Reference Appendices. 

2.1.3.3 Summary of Changes to the Residential ACM Reference Manual  

The two submeasures would modify the following sections of the Residential ACM 

Reference Manual as shown below. See Section 2.6.4 of this report for the detailed 

proposed revisions to the text of the ACM Reference Manual. 

SECTION 2.10 Additions/Alterations 

Section 2.10.4.3 Roof/Ceilings: Update Table 26 to reflect a change to the basis of the 

Standard Design for altered roofing surfaces for both steep-sloped and low-sloped 
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roofs. Add a row for low-sloped roof deck insulation and add the insulation requirements 

based on the proposal. 

2.1.3.4 Summary of Changes to the Residential Compliance Manual  

The two submeasures would modify the following section of the Residential Compliance 

Manual:  

¶ Section 9.2 Whatôs New in the 2019 Energy Standards  

¶ Section 9.4.4 Envelope Alterations 

See Section 2.6.5 of this report for further details. 

2.1.3.5 Summary of Changes to Compliance Documents  

The two submeasures would modify the compliance documents listed below. Further 

details are presented in Section 2.6.6.  

¶ CF1R-ALT-01-E ï Repurpose subsection E for steep-sloped roof replacements 
and create a new subsection for low-sloped roof replacements. Provided that the 
exceptions for the low-sloped roof insulation requirements are detailed for this 
submeasure, the Statewide CASE Team recommends that additional 
documentation be required by the installing contractor if applying for one of the 
exceptions to verify that the project meets the qualifications for the exception. 

¶ CF1R-ALT-05-E ï Repurpose subsection C for steep-sloped roof replacements 
and create a new subsection for low-sloped roof replacements. Provided that the 
exceptions for the low-sloped roof insulation requirements are detailed for this 
submeasure, the Statewide CASE Team recommends that additional 
documentation be required by the installing contractor if applying for one of the 
exceptions to verify that the project meets the qualifications for the exception. 

¶ CF2R-ALT-05-E ï Revise subsection B to add a section for above deck 
insulation. 

¶ CF2R-ENV-04-E ï Revise the form to add a section for above deck insulation. 

2.1.4 Regulatory Context 

2.1.4.1 Existing Requirements in the California Energy Code 

Cool Roofs at Roof Replacement 

There are existing requirements for cool roofs in certain climate zones at time of roof 

replacement for both steep-sloped and low-sloped roofs. The requirements are in 

Section 150.2(b)1I for low-rise residential buildings. Table 8 describes the existing code 

requirements for minimum aged solar reflectance and minimum thermal emittance. 
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Table 8: Summary of Existing Cool Roof Requirements (Minimum Aged Solar 
Reflectance/Minimum Thermal Emittance) 

Climate Zones Steep-Sloped Low-Sloped 

1-9, 16 N/A N/A 

10-12, 14 0.20/0.75 N/A 

13, 15 0.20/0.75 0.63/0.75 

A variety of exceptions currently exist for steep-sloped roofs on low-rise residential 

buildings. These exceptions are listed below. 

¶ Air-space of 1.0 inch (25 mm) is provided between the top of the roof deck to the 
bottom of the roofing product; or 

¶ The installed roofing product has a profile ratio of rise to width of 1 to 5 for 50 
percent or greater of the width of the roofing product; or 

¶ Existing ducts in the attic are insulated and sealed according to Section 
150.1(c)9; or 

¶ Buildings with at least R-38 ceiling insulation; or 

¶ Buildings with a radiant barrier in the attic meeting the requirements of Section 
150.1(c)2; or 

¶ Buildings that have no ducts in the attic; or 

¶ In Climate Zones 10-15, R-2 or greater insulation above the roof deck. 

For low-sloped roofs on low-rise buildings, there is currently an exception if there are no 

ducts located in an attic, as well as a trade-off table that allows for lower aged solar 

reflectance when roof deck insulation is installed. 

There is another code change proposal under consideration for the 2022 code cycle 

that would make changes to the cool roof requirements for nonresidential buildings for 

new construction and at time of roof replacement.3  

Roof Insulation at Low-Sloped Roof Replacement 

There are no relevant existing requirements in the California Energy Code for low-rise 

buildings. There is a requirement for high-rise multifamily buildings in Section 

141.0(b)2Biii which requires that R-14 continuous above roof deck insulation is installed 

at time of roof replacement in all climate zones. There are exceptions that allow for a 

lower R-value to be installed under certain conditions. Section 141.0(b)2Biii also 

includes requirements for non-residential buildings. 

 

3 More information on the code change proposals is available here: 

https://title24stakeholders.com/measures/cycle-2022/nonresidential-high-performance-envelope/ 

https://title24stakeholders.com/measures/cycle-2022/nonresidential-high-performance-envelope/
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There is another code change proposal under consideration for the 2022 code cycle 

that, if adopted, would increase the roof insulation requirements for nonresidential 

buildings at time of roof replacement to match new construction standards.3 

2.1.4.2 Relationship to Requirements in Other Parts of the California Building 
Code  

There are no relevant requirements in other parts of the California Building Code for 

either of the two submeasures.  

2.1.4.3 Relationship to Local, State, or Federal Laws 

Cool Roofs at Roof Replacement 

There were three local reach codes in place throughout California under the 2016 Title 

24, Part 6 Standards and one under the 2019 Title 24, Part 6 Standards that impose a 

mandatory requirement for cool roofs. Brisbane and San Mateo have reach codes under 

the 2019 Title 24, Part 6 Standards, but they do not include a cool roof requirement. 
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Table 9 describes the reach code requirements by building type for each jurisdiction. 

Assembly Bill 660: Building Energy Efficiency Standards: Solar Reflectance of Roofs 

(AB 660), authored by Assembly member Marc Levine, was passed by the State 

Assembly in May of 2019. The bill was dropped from consideration in May 2020 due to 

shifting priorities as a result of COVID-19. AB 660 would have required that the State 

Energy Resources Conservation and Development Commission consider amendments 

to the Title 24, Part 6 code for existing low-rise residential buildings with steep-sloped 

roofs with the goal of increasing the value of minimum aged solar reflectance up to 0.40 

in the 2031 standard and the goal of expanding the range of climate zones in which 

minimum aged solar reflectance values are prescribed for those alterations. 

Roof Insulation at Low-Sloped Roof Replacement 

There are no relevant local, state, or federal laws. 
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Table 9: Summary of Reach Code Requirements for Cool Roofs (Minimum Aged Solar Reflectance/Minimum 
Thermal Emittance) 

Jurisdiction 

Steep-Sloped  

Low-Rise 
Residential 

Steep-Sloped 
High-Rise 
Residential 

Steep-Sloped 
Nonresidential 

Low-Sloped 

Low-Rise 
Residential 

Low-Sloped 

High-Rise 
Residential 

Low-Sloped 

Nonresidential 

LA County 

CZs 6, 8, 9 

2019 New 
construction & 
alterations 

(Los Angeles 
County 2020) 

0.25/0.85 0.25/0.75 0.28/0.85 0.65/0.85 0.65/0.75 0.68/0.85 

Brisbane 

CZ 3 

2016 New 
construction 

(City of Brisbane 
2017) 

N/A N/A N/A 0.70/0.85 0.70/0.85 0.70/0.85 

San Mateo 

CZ 3 

2016 New 
construction & 
alterations 

(City of San Mateo 
2016) 

N/A N/A N/A 0.70/0.85 0.70/0.85 0.70/0.85 
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2.1.4.4 Relationship to Industry Standards  

No relevant industry standards for either of the two submeasures were identified while 

preparing this proposal. 

2.1.5 Compliance and Enforcement 

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and how negative impacts on 

market actors who are involved in the process could be mitigated or reduced. This 

section describes how to comply with the proposed code change. It also describes the 

compliance verification process. Appendix E presents how the proposed changes could 

impact various market actors.  

This discussion relates to both the cool roof and roof insulation submeasures. The 

activities that need to occur during each phase of the project are described below:  

¶ Design Phase: In most instances roof replacements are completed as isolated 
retrofits rather than part of a larger remodel. In this case the roofing contractor 
corresponds directly with the building owner, recommends the replacement 
material, and needs to be aware of Title 24, Part 6 requirements related to the 
scope of work. Depending on the project, the contractor recommends options to 
the owner for compliance by installing a cool roof and/or roof insulation or 
meeting one of the alternative paths.  

¶ Permit Application Phase: The roofing contractor submits the project for permit 
and completes the necessary Certificate of Compliance documents (CF1R-ALT-
05-E). A roof replacement does not trigger HERS testing and the prescriptive 
forms would be completed outside of the HERS registry. The Statewide CASE 
Team has heard that permit requirements vary by jurisdiction and some may not 
require Certificate of Compliance documents for a roof replacement project. 

¶ Construction Phase: The roofing contractor installs the roofing system.  

¶ Inspection Phase: Typically, the roofing contractor completes the Certificate of 
Installation (CF2R-ALT-05-E) and a building inspector conducts a final 
inspection. However, inspection processes vary by jurisdiction with some 
requiring an onsite inspection and others not requiring visual inspection for a roof 
replacement project. 

The compliance process described above does not differ from the existing compliance 

process for the proposed code change for cool roofs.  

The roof insulation proposal would require additional scope of work during each of the 

project phases. During design, the contractor would need to evaluate the site-specific 

conditions of the roof and determine how to address details for adding thickness in the 

form of insulation to the existing roof. The contractor would then conclude whether the 

project can comply with the required R-value or take one of the exceptions. There would 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-SF-EAA-F | 42 

be additional steps for plan review and inspection in the permit application phase and 

the inspection phase. However, this added requirement for above deck insulation fits 

within the existing permitting process and is not expected to add substantial burden to 

building departments. This will require jurisdictions that did not have cool roof 

requirements under the current code to require prescriptive Certificate of Compliance 

(CF1R-ALT-05-E) forms be submitted and reviewed at permit submittal. This 

requirement is similar to what is currently in Title 24, Part 6 for nonresidential and high-

rise residential buildings, therefore there is familiarity with this process for both the 

contractors and the building departments.  

Currently, the cool roof requirement applies to five climate zones for steep-sloped roofs 

and two climate zones for low-sloped roofs. The proposed code change expands the 

current cool roof requirements at time of roof replacement for steep-sloped and low-

sloped roofs to additional climate zones. It also adds a low-sloped roof insulation 

requirement at time of roof replacement to twelve climate zones. Plans examiners at 

building departments in these additional climate zones will now be required to review 

the CF1R-ALT-05-E Certificate of Compliance form at permit application where currently 

no compliance forms are triggered for reroofing projects. While no new forms are 

required, and plans examiners are familiar with this compliance form for other alteration 

projects that do not require HERS verification, the requirement of reviewing and 

approving the compliance form will be triggered for more reroofing projects than before. 

Plans examiners need to be aware of this and make sure project applicants include the 

compliance form when submitting for permit. 

It is possible that the added requirements may result in projects being completed 

without applying for a permit. Multiple stakeholders have indicated that in some 

jurisdictions, the percent of residential roof alteration projects that apply for a permit is 

low. This is likely more of a problem with single family homes where smaller roof areas 

allow for roof replacements to be completed over the weekend. More low-sloped roofs 

are on multifamily buildings where larger roof areas make this more challenging. 

Compliance rates are highly dependent on local enforcement. This code change should 

be supported by education and outreach programs designed for contractors, building 

departments, and building owners. It is critical these stakeholders are aware of the code 

change it if is adopted. Contractors and building departments need training on the 

relevant requirements in their regions, the triggers, and the allowable exceptions. 

Contractors also would benefit from training on how to present these requirements and 

their value to building owners. Utility incentive programs throughout the 2019 Title 24, 

Part 6 code cycle, and perhaps into the 2022 code cycle, can encourage early adopters 

and support a market transformation for cool roofs and roof deck insulation. Local reach 

codes would play a similar role.  
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2.2 Market Analysis 

2.2.1 Market Structure 

The Statewide CASE Team performed a market analysis with the goals of identifying 

current technology availability, current product availability, market trends, and how the 

standard would affect individual market actors. Information was gathered about the 

incremental cost of complying with the proposed measure. Estimates of market size and 

measure applicability were identified through research and outreach with stakeholders 

including utility program staff, Energy Commission staff, and a wide range of industry 

actors including roofing contractors, roofing industry representatives, manufacturers, 

and consultant. In addition to conducting personalized outreach, the Statewide CASE 

Team discussed the current market structure and potential market barriers during public 

stakeholder meetings that the Statewide CASE Team held on November 12, 2019 

(Statewide CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE 

Team 2019c)) and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE 

Team 2020b), (Statewide CASE Team 2020c)). 

The residential roofing market is comprised of buildings with both low-sloped and steep-

sloped roofs. Single family homes are primarily steep-sloped. The type of roofing used 

in multifamily buildings is dependent on the building type and height; both steep-sloped 

and low-sloped roofs are typical with low-rise buildings. The 2009 Residential Appliance 

Saturation Study (California Energy Commission 2009) estimates that 77 percent of 

single family homes and 31 percent of multifamily homes have insulated attics, which 

can be used as a surrogate to indicate steep-sloped roofs. Of the performance-based 

alteration projects with new or altered roofs registered with CalCERTS under the 2013 

and 2016 code cycles 78 percent of single family and 47 percent of low-rise multifamily 

projects were steep-sloped roofs (CalCERTS 2020). 

Steep-sloped existing residential roofs are predominantly asphalt shingles with tile and 

metal products filling most of the remainder.  

A 2019 study published by Freedonia Group reports U.S. demand for low-sloped roofing 

products by product, market, and geographic region (Freedonia Group 2019). Historical 

data for 2008, 2013, and 2018 shows that 94 to 95 percent of total residential re-roofing 

low-sloped demand is represented by bituminous roofing products. The remainder is 

made up by 2 percent TPO and PVC, 1 percent by EPDM, and 2 percent by metal and 

other roofing products. This study is nationwide and the distribution in California may 

differ, but California specific data was not available. This differs from a 2015 study by 

the National Roofing Contractors Association (NRCA) which estimated that the largest 

segments of the low-sloped roofing market nationally were represented by thermoplastic 

polyolefin, or TPO, at 30 percent, EPDM rubber at 25 percent, modified bitumen at 12 

percent, and built up roofing at 7 percent (Klutz, Dutton and Davis 2018). The NRCA 
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study represents both the residential and commercial market and does not distinguish 

between new construction and alterations. There is likely a difference across these 

markets with greater market share for single ply roofs (TPO, PVC, EPDM, etc) in 

commercial and new construction projects. This may partially describe the different 

results from these two studies. 

Insulating the roof deck of low-sloped roofs is typically accomplished with rigid foam 

insulation board or spray foam insulation. There are three major types of rigid foam 

insulation that are most commonly applied in roof systems. These are expanded 

polystyrene (EPS), extruded polystyrene (XPS), and polyisocyanurate (polyiso). Spray 

polyurethane foam integrates the insulation into the waterproofing system and is self-

flashing. When the roof deck does not provide adequate slope for drainage a tapered 

insulation system may be used. 

There are many manufacturers that produce low-sloped and steep-sloped roofing 

system components and various trade associations that represent the industry. Trade 

associations include the National Roofing Contractors Association (NRCA), Asphalt 

Roofing Manufacturers Association (ARMA), Roofing Contractors Association of 

California (RCAC), Associated Roofing Contractors of the Bay Area Counties 

(ARCBAC), Cool Roof Rating Council (CRRC), and Cool Metal Roofing Coalition 

(CMRC), among others. 

There are over 13 million existing residential dwelling units in California (see Appendix 

A). It is estimated that 7 percent of residential buildings undergo a roof replacement 

each year (Roofing Contractor 2013). This results in new roofs for 920,000 residential 

dwelling units in California annually.  

Roofing contractors are the primary market actors involved with implementing these 

code change proposals. They typically correspond directly with the building owner, who 

is the primary decision maker, and make recommendations for specifications on 

replacement roofing systems. Other market actors include manufactures, plans 

examiners, and building inspectors. 

2.2.2 Technical Feasibility, Market Availability, and Current Practices 

2.2.2.1 Cool Roofs at Roof Replacement 

The Statewide CASE Team conducted a stakeholder outreach to roofing contractors, 

manufacturers, and roofing industry representatives. Trade associations interviewed 

include ARMA, RCAC, and ARCBAC. In general, there was support for expanding the 

current requirements to additional climates zones, not increasing the stringency of the 

solar reflectance requirements at this time and maintaining exceptions in the code that 

allow for flexibility. Industry representatives voiced concern about the high number of 

residential roof replacements that are not permitted and a lack of enforcement 
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statewide. While the cool roof market in California is larger than in other areas of the 

country, it has not grown as much as expected, which may partially be a result of lack of 

enforcement for roof replacements. Expanding the climate zones where cool roofs are 

required can support market growth. 

The Cool Roof Rating Council (CRRC) is a non-profit educational organization 

incorporated ñto implement and communicate accurate radiative energy performance 

rating systems for roof surfaces, support research, and serve as an educational 

resource for information on roofingò (Cool Roof Rating Council n.d.). Roofing 

manufacturers register their products with the CRRC, which verifies that testing 

methodologies and reporting standards are consistent for all products. The CRRC 

database of products is updated daily. As of December 12, 2019, there were 2,962 

products registered in the CRRC database. Of these, 2,636 (89 percent) products meet 

Title 24, Part 6 cool roof requirements for low-or steep-sloped roofing. 183 

manufacturers are represented in the CRRC database, which encompasses almost all 

major roofing product manufacturers. The distribution of compliant products is shown in 

Figure 2.  

Of the 2,636 products that meet the prescriptive cool roof requirements, 768 products 

meet requirements for low-sloped roofing and 2,465 products meet requirements for 

steep-sloped roofing. 62 percent of products are listed as appropriate for both low-

sloped and steep-sloped installations. These include single-ply, fluid applied membrane, 

asphaltic membrane, and metal coating products, which are the products most 

commonly installed on low-sloped roofs.  

 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-SF-EAA-F | 42 

  

Figure 2: Number of CRRC-registered products that meet current Title 24, Part 6 
minimum criteria for aged solar reflectance and thermal emittance. 

Source: Cool Roof Rating Council 

Figure 3 and Figure 4 show data from CalCERTS on alteration only or alteration and 

addition projects that complied with Title 24, Part 6 using the performance path. The 

figures show the percentage of new or altered roofs in these projects that meet the 

current prescriptive requirements for aged solar reflectance. The data is presented 

separately for steep-sloped and low-sloped roofs and the 2013 and 2016 code cycles 

(CalCERTS 2020). Both figures show a trend from the 2013 to 2016 code cycles of an 

increasing percentage of projects installing cool roofs. Most roof replacements are 

completed prescriptively and would not be registered with a HERS registry; however, 

this data is not available on a statewide basis. 
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Figure 3: Percent of altered or new steep-sloped roofs in existing plus addition 
plus alteration project registered with CalCERTS in the 2013 & 2016 code cycles 
that meet the current prescriptive requirement for aged solar reflectance. 

Source: CalCERTS (CalCERTS 2020) 

 

 

Figure 4: Percent of altered or new low-sloped roofs in existing plus addition plus 
alteration project registered with CalCERTS in the 2013 & 2016 code cycles that 
meet the current prescriptive requirement for aged solar reflectance. 

Source: CalCERTS (CalCERTS 2020) 
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Stakeholders provided feedback that there are few issues with availability of low-sloped 

roofing products that meet the Title 24, Part 6 aged solar reflectance requirements. If a 

project is installing a single-ply membrane roof itôs highly likely that any roof that is 

specified would meet the cool roof requirements. If installing a modified bitumen roof, a 

cool roof-rated cap sheet is applied. 

For steep-sloped roofs there are more tile and metal roofing products available than 

asphalt shingle products. Stakeholders provided feedback that selecting asphalt shingle 

products that meet customer needs can be challenging in certain locations. While there 

are many products available (127 products certified on the CRRC identified as steep-

sloped asphalt shingle products that meet the cool roof requirements), options are not 

always available based on customer color preference or geographic location.  

2.2.2.2 Roof Insulation at Low-Sloped Roof Replacement 

The Statewide CASE Team conducted a stakeholder outreach to roofing contractors 

and roofing industry representatives. In general, there was support for applying the 

current requirements for high-rise residential insulation requirements to low-rise 

buildings as long as exceptions similar to the existing exceptions were also allowed. 

There are technical considerations when increasing the thickness of an existing roof 

with added insulation. These include adjustments to flashing around rooftop equipment, 

skylights, penthouse and parapet walls, and roof penetrations. On roofs without parapet 

walls, the fascia also needs to be re-built.  

The nonresidential roofing industry is familiar with this requirement because it has been 

in Title 24, Part 6 since the 2008 code cycle. The industry has developed a knowledge 

base for how to detail the technical considerations discussed above. There are many 

insulation products available that are used both on new construction roofs and for roof 

replacements.  

The Statewide CASE Team is proposing a number of exceptions to the insulation 

requirements that are similar to the existing requirements for high-rise residential and 

nonresidential buildings. One primary change is to eliminate the reference to a specific 

minimum base flashing height of eight inches and instead use language that allows for 

an exception if the available base flashing height does not comply with California 

Building Code requirements. California Building Code requires specific base flashing 

heights in certain conditions, but mostly references manufacturers installation 

procedures. This change allows for flexibility if language in the building code changes or 

manufacturer installation procedures and best practices change over time. This requires 

that the contractor conduct due diligence on the product to be installed and provide 

appropriate justification to the building department if an exception is requested. Various 

stakeholders indicated that a base flashing height of eight inches is often not available 
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on existing residential roofs, but that even so it is usually possible to add a minimum 

amount of insulation, typically up to one inch. This informed the other primary change 

relative to the existing exceptions for high-rise residential and non-residential buildings. 

Instead of waiving the roof insulation requirements in cases where minimum base 

flashing heights are not met, the proposal is to reduce the requirement to R-4. 

2.2.3 Market Impacts and Economic Assessments 

2.2.3.1 Impact on Builders 

Builders of residential and commercial structures are directly impacted by many of 

the measures proposed by the Statewide CASE Team for the 2022 code cycle. It is 

within the normal practices of these businesses to adjust their building practices to 

changes in building codes. When necessary, builders engage in continuing education 

and training in order to remain compliant with changes to design practices and building 

codes.   

Californiaôs construction industry is comprised of about 80,000 business establishments 

and 860,000 employees (see Table 10).4 In 2018, total payroll was $80 billion. Nearly 

60,000 of these business establishments and 420,000 employees are engaged in the 

residential building sector, while another 17,000 establishments and 344,000 

employees focus on the commercial sector. The remainder of establishments and 

employees work in industrial, utilities, infrastructure, and other heavy construction 

(industrial sector).      

 

 

 

 

 

 

 

 

 

4 Average total monthly employment in California in 2018 was 18.6 million; the construction industry 

represented 4.5 percent of 2018 employment. 
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Table 10: California Construction Industry, Establishments, Employment, and 
Payroll 

Construction Sectors  Establishments  Employment  
Annual 
Payroll   
(billions $) 

Residential  59,287 420,216 $23.3 

Residential Building Construction 
Contractors  

22,676 115,777 $7.4 

Foundation, Structure, & Building  
Exterior  

6,623 75,220 $3.6 

Building Equipment Contractors  14,444 105,441 $6.0 

Building Finishing Contractors  15,544 123,778 $6.2 

Commercial  17,273 343,513 $27.8 

Commercial Building Construction  4,508 75,558 $6.9 

Foundation, Structure, & Building 
Exterior  

2,153 53,531 $3.7 

Building Equipment Contractors  6,015 128,812 $10.9 

Building Finishing Contractors  4,597 85,612 $6.2 

Industrial, Utilities, Infrastructure, 
& Other   

4,103 96,550 $9.2 

Industrial Building Construction  299 5,864 $0.5 

Utility System Construction  1,643 47,619 $4.3 

Land Subdivision  952 7,584 $0.9 

Highway, Street, and Bridge 
Construction  

770 25,477 $2.4 

Other Heavy Construction  439 10,006 $1.0 

Source: (State of California, Employment Development Department n.d.) 

The proposed change to require cool roofs and roof insulation at roof 

replacement would likely affect residential builders but would not impact commercial 

builders or firms that focus on construction and retrofit of industrial buildings, utility 

systems, public infrastructure, or other heavy construction. The effects on the residential 

building industry would not be felt by all firms and workers, but rather would be 

concentrated in specific industry subsectors. Table 11 shows the residential building 

subsectors the Statewide CASE Team expects to be impacted by the changes 

proposed in this report. Because the proposed code requirements come only into play 

at roof replacement, they are expected to impact roofing contractors primarily and 

residential remodelers to the extent that they work on projects with roof 

replacements. The Statewide CASE Teamôs estimates of the magnitude of these 

impacts are shown in Section 2.2.4 Economic Impacts.  
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Table 11: Size of the California Residential Building Industry by Subsector 

Residential Building Subsector   Establishments  Employment 
  
Annual Payroll   

(billions $) 

Residential Remodelers  11,122 52,133 $3.0 

Residential Roofing Contractors  2,208 16,814 $0.8 

Source: (State of California, Employment Development Department n.d.) 

2.2.3.2 Impact on Building Designers and Energy Consultants 

Adjusting design practices to comply with changing building codes practices is within 

the normal practices of building designers. Building codes (including the California 

Energy Code) are typically updated on a three-year revision cycle and building 

designers and energy consultants engage in continuing education and training in order 

to remain compliant with changes to design practices and building codes.   

Businesses that focus on residential, commercial, institutional, and industrial building 

design are contained within the Architectural Services sector (North American Industry 

Classification System 541310). Table 12 shows the number of establishments, 

employment, and total annual payroll for Building Architectural Services. The proposed 

code change would potentially impact a subset of firms within the Architectural Services 

sector. The Statewide CASE Team anticipates the impacts for the residential roof 

replacement submeasures to affect firms that focus on single family and low-rise 

multifamily construction.   

There is not a North American Industry Classification System (NAICS)5 code specific for 

energy consultants. Instead, businesses that focus on consulting related to building 

energy efficiency are contained in the Building Inspection Services sector (NAICS 

541350), which is comprised of firms primarily engaged in the physical inspection of 

residential and nonresidential buildings.6 It is not possible to determine which business 

establishments within the Building Inspection Services sector are focused on energy 

 

5 NAICS is the standard used by Federal statistical agencies in classifying business establishments for 

the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy. 

NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics 

Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of 

comparability in business statistics among the North American countries. NAICS replaced the Standard 

Industrial Classification (SIC) system in 1997. 

6 Establishments in this sector include businesses primarily engaged in evaluating a buildingôs structure 

and component systems and includes energy efficiency inspection services and home inspection 

services. This sector does not include establishments primarily engaged in providing inspections for 

pests, hazardous wastes or other environmental contaminates, nor does it include state and local 

government entities that focus on building or energy code compliance/enforcement of building codes and 

regulations.  
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efficiency consulting. The information shown in Table 12 provides an upper bound 

indication of the size of this sector in California.        

Table 12: California Building Designer and Energy Consultant Sectors, 2018  

Sector  Establishments  Employment  Annual Payroll   
(billions $)  

Architectural Servicesa  3,704 29,611 $2.9 

Building Inspection Servicesb  824 3,145 $0.2 

Source: (State of California, Employment Development Department n.d.) 

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged 
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and 
structures;   

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily 
engaged in providing building (residential & nonresidential) inspection services encompassing all 
aspects of the building structure and component systems, including energy efficiency inspection 
services.  

2.2.3.3 Impact on Occupational Safety and Health 

The proposed code change does not alter any existing federal, state, or local 

regulations pertaining to safety and health, including rules enforced by the California 

Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety 

rules would remain in place. Complying with the proposed code change is not 

anticipated to have adverse impacts on the safety or health of occupants or those 

involved with the construction, commissioning, and maintenance of the building.  

2.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and 
Potential First-Time Homeowners) 

According to data from the U.S. Census, American Community Survey (ACS), there 

were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were 

occupied (see Table 13). Most housing units (nearly 9.2 million) were single family 

homes (either detached or attached), while about 2 million homes were in buildings 

containing two to nine units and 2.5 million were in multifamily building containing 10 or 

more units. The U.S. Census reported that 59,200 single family and 50,700 multifamily 

homes were constructed in 2019.   
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Table 13: California Housing Characteristics 

Housing Measure  Estimate 

Total housing units  14,277,867 

Occupied housing units  13,072,122 

Vacant housing units  1,205,745 

Homeowner vacancy rate  1.2% 

Rental vacancy rate  4.0% 

Units in Structure  Estimate 

1-unit, detached  8,177,141 

1-unit, attached  1,014,941 

2 units  358,619 

3 or 4 units  783,963 

5 to 9 units  874,649 

10 to 19 units  742,139 

20 or more units  1,787,812 

Mobile home, RV, etc.  538,603 

Source: (2018 American Community Survey n.d.) 

Table 14 shows the distribution of California homes by vintage. About 15 percent of 

California homes were built in 2000 or later and another 11 percent built between 1990 

and 1999.  The majority of Californiaôs existing housing stock (8.5 million homes ï 59% 

of the total) were built between 1950 and 1989, a period of rapid population and 

economic growth in California. Finally, about 2.1 million homes in California were built 

before 1950. According to Kenney et al, 2019, more than half of Californiaôs existing 

multifamily buildings (those with five or more units) were constructed before 1978 when 

there were no building energy efficiency standards (California Energy Commission 

2019).  
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Table 14: Distribution of California Housing by Vintage 

Home Vintage  Units Percent 
Cumulative 
Percent 

Built 2014 or later  343,448 2.4% 2.4% 

Built 2010 to 2013  248,659 1.7% 4.1% 

Built 2000 to 2009  1,553,769 10.9% 15.0% 

Built 1990 to 1999  1,561,579 10.9% 26.0% 

Built 1980 to 1989  2,118,545 14.8% 40.8% 

Built 1970 to 1979  2,512,178 17.6% 58.4% 

Built 1960 to 1969  1,925,945 13.5% 71.9% 

Built 1950 to 1959  1,896,629 13.3% 85.2% 

Built 1940 to 1949  817,270 5.7% 90.9% 

Built 1939 or earlier  1,299,845 9.1% 100.0% 

Total housing units  14,277,867 100%  

Source: (2018 American Community Survey n.d.) 

Table 15 shows the distribution of owner- and renter-occupied housing by household 

income. Overall, about 55 percent of California housing is owner-occupied and the rate 

of owner-occupancy generally increases with household income. The owner-occupancy 

rate for households with income below $50,000 is only 37 percent, whereas the owner 

occupancy rate is 72 percent for households earning $100,000 or more.      

Table 15: Owner- and Renter-Occupied Housing Units in California by Income 

Household Income  Total  
Owner 

Occupied  
Renter 

Occupied  

Less than $5,000  391,235 129,078 262,157 

$5,000 to $9,999  279,442 86,334 193,108 

$10,000 to $14,999  515,804 143,001 372,803 

$15,000 to $19,999  456,076 156,790 299,286 

$20,000 to $24,999  520,133 187,578 332,555 

$25,000 to $34,999  943,783 370,939 572,844 

$35,000 to $49,999  1,362,459 590,325 772,134 

$50,000 to $74,999  2,044,663 1,018,107 1,026,556 

$75,000 to $99,999  1,601,641 922,609 679,032 

$100,000 to $149,999  2,176,125 1,429,227 746,898 

$150,000 or more  2,780,761 2,131,676 649,085 

Total Housing Units  13,072,122 7,165,664 5,906,458 

Median household income  $75,277 $99,245 $52,348 

Source: (2018 American Community Survey n.d.) 
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Understanding the distribution of California residents by home type, home vintage, and 

household income is critical for developing meaningful estimates of the economic 

impacts associated with proposed code changes affecting residents. Many proposed 

code changes specifically target single family or multifamily residences and so the 

counts of housing units by building type shown in Table 13 provides the information 

necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ 

for owners and renters, by home vintage, and by household income, information 

provided in Table 14 and Table 15.     

For California residents, the code changes that the Statewide CASE Team is proposing 

for the 2022 code cycle regulation will result in lower energy bills. When homeowners or 

building occupants save on energy bills, they tend to spend it elsewhere, thereby 

creating jobs and economic growth for the California economy. Energy cost savings can 

be particularly beneficial to low income homeowners who typically spend a higher 

portion of their income on energy bills, often have trouble paying energy bills, and 

sometimes go without other necessities to save money for energy bills (Association, 

National Energy Assistance Directors 2011).   

2.2.3.5 Impact on Building Component Retailers (Including Manufacturers and 
Distributors) 

The Statewide CASE Team anticipates the proposed change would have no material 

impact on California component retailers apart from a slight increase in economic 

activity for manufacturers of cool roof and insulation products due to increased demand. 

2.2.3.6 Impact on Building Inspectors  

Table 16 shows employment and payroll information for state and local government 

agencies in which many inspectors of residential and commercial buildings are 

employed. Building inspectors participate in continuing training to stay current on all 

aspects of building regulations, including energy efficiency. The Statewide CASE Team, 

therefore, anticipates the proposed change would have minimal impact on employment 

of building inspectors or the scope of their role conducting energy efficiency 

inspections.     
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Table 16:  Employment in California State and Government Agencies with 
Building Inspectors 

Sector  Govt. Establishments Employment 

Annual 
Payroll   
(millions $) 

Administration of 
Housing Programsa  

State 17 283 $29.0 

Local 36 2,882 $205.7 

Urban and Rural 
Development Adminb  

State 
35 552 $48.2 

 Local 52 2,446 $186.6 

Source: (State of California, Employment Development Department n.d.) 

a. Administration of Housing Programs (NAICS 925110) comprises government establishments 
primarily engaged in the administration and planning of housing programs, including building codes 
and standards, housing authorities, and housing programs, planning, and development.  

b. Urban and Rural Development Administration (NAICS 925120) comprises government 
establishments primarily engaged in the administration and planning of the development of urban 
and rural areas. Included in this industry are government zoning boards and commissions.  

2.2.3.7 Impact on Statewide Employment 

As described in Sections 2.2.3.1 through 2.2.3.6, the Statewide CASE Team does not 

anticipate significant employment or financial impacts to any particular sector of the 

California economy. This is not to say that the proposed change would not have modest 

impacts on employment in California. In Section 2.2.4, the Statewide CASE 

Team estimated how the proposed change in cool roof and insulation requirements at 

roof replacement would affect statewide employment and economic output directly and 

indirectly through its impact on builders, designers and energy consultants, and building 

inspectors. In addition, the Statewide CASE Team estimated how energy savings 

associated with the proposed change in cool roof and insulation requirements at roof 

replacement would lead to modest ongoing financial savings for California residents, 

which would then be available for other economic activities.   

2.2.4 Economic Impacts 

For the 2022 code cycle, the Statewide CASE Team used the IMPLAN model software, 

along with economic information from published sources, and professional judgement to 

developed estimates of the economic impacts associated with each proposed code 

changes.7 While this is the first code cycle in which the CASE team develops estimates 

 

7 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the economic 

effects of proposed policies and projects. IMPLAN is the most commonly used economic impact model 

due to its ease of use and extensive detailed information on output, employment, and wage information. 
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of economic impacts using IMPLAN, it is important to note that the economic impacts 

developed for this report are only estimates and are based on limited and to some 

extent speculative information. In addition, the IMPLAN model provides a relatively 

simple representation of the California economy and, though the Statewide CASE Team 

is confident that direction and approximate magnitude of the estimated economic 

impacts are reasonable, it is important to understand that the IMPLAN model is a 

simplification of extremely complex actions and interactions of individual, businesses, 

and other organizations  as they respond to changes in energy efficiency codes. In all 

aspect of this economic analysis, the CASE Authors rely on conservative assumptions 

regarding the likely economic benefits associated with the proposed code change. By 

following this approach, the Statewide CASE Team believes the economic impacts 

presented below represent lower bound estimates of the actual impacts associated with 

this proposed code change. 

Adoption of this code change proposal would result in relatively modest economic 

impacts through the additional direct spending by those in the residential building and 

remodeling industry and building inspectors, as well as indirectly as residents spend all 

or some of the money saved through lower utility bills on other economic 

activities. There may also be some non-residential customers that are impacted by this 

proposed code change; however, the Statewide CASE Team does not anticipate such 

impacts to be materially important to the building owner or have measurable economic 

impacts. Table 17, Table 18, and Table 19 demonstrate economic impacts based on the 

estimated additional spending from the proposed submeasures. These figures assume 

that there would be no reduction in the number of homes completing relevant projects 

as a direct result of these proposed code changes. Estimated impacts to the residential 

construction sector and on discretionary spending by residents is based on the 

incremental cost and energy savings presented in this report for each submeasure. 

Estimated impacts to building inspectors are based on an increase of additional time 

required for plan review and inspection of 15 minutes per single family or multifamily 

building. For multifamily projects the additional time is per building rather than dwelling 

unit because project submittals and Compliance Documents will be provided on a 

building basis. Reviews and inspections will occur once for the entire building. 
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Table 17: Estimated Impact that Adoption of the Proposed Roofing Submeasures would have on the California Residential 
Construction Sector 

Sub-Measure Type of Economic Impact  Employment (jobs)  
Labor Income 

(millions $)  

Total Value 
Added 

(millions $) 

Output 

(millions $) 

Cool Roof 
Requirements for 
Steep-Sloped 
Roofs 

Direct Effects (Additional spending by 
Residential Builders)  

300 $19.26  $32.46  $52.70  

Indirect Effect (Additional spending by 
firms supporting Residential Builders)  

116 $7.43  $11.59  $20.57  

Induced Effect (Spending by 
employees of firms experiencing 
ñdirectò or ñindirectò effects)  

142 $7.93  $14.20  $23.18  

Total Submeasure Impacts  558 $34.62  $58.25 $96.45  

Cool Roof 
Requirements for 
Low-Sloped Roofs 

Direct Effects (Additional spending by 
Residential Builders)  

901 $57.75 $97.34 $158.06 

Indirect Effect (Additional spending by 
firms supporting Residential Builders)  

348 $22.29 $34.74 $61.70 

Induced Effect (Spending by 
employees of firms experiencing 
ñdirectò or ñindirectò effects)  

427 $23.79 $42.58 $69.51 

Total Submeasure Impacts  1,676 $103.83 $174.66 $289.27 

Roof Insulation 
Requirements for 
Low-Sloped Roofs 

Direct Effects (Additional spending by 
Residential Builders)  

1,833 $117.49  $198.02  $321.54  

Indirect Effect (Additional spending by 
firms supporting Residential Builders)  

707 $45.35  $70.68  $125.52  

Induced Effect (Spending by 
employees of firms experiencing 
ñdirectò or ñindirectò effects)  

868 $48.41  $86.62  $141.40  

 Total Submeasure Impacts  3,408 $211.25 $355.32  $588.46  

Total Economic Impacts  5,642 $349.70 $588.23 $974.18 
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Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.   
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Table 18: Estimated Impact that Adoption of the Proposed Roofing Submeasures would have on California Building 
Inspectors 

Sub-Measure 
Type of Economic 

Impact  
Employment 

(jobs)  

Labor 
Income 

(millions 
$)  

Total 
Value 
Added 

(millions 
$) 

Output 

(millions $) 

Cool Roof 
Requirements 
for Steep-
Sloped Roofs 

Direct Effects 
(Additional spending 
by Building 
Inspectors)  

7 $0.69  $0.81  $0.97  

Indirect Effect 
(Additional spending 
by firms supporting 
Building Inspectors)  

1 $0.05  $0.09  $0.15  

Induced Effect 
(Spending by 
employees of 
Building Inspection 
Bureaus and 
Departments)  

4 $0.22  $0.40  $0.65  

Total Submeasure 
Impacts  

12 $0.96  $1.30  $1.77  

Cool Roof 
Requirements 
for Low-
Sloped Roofs 

Direct Effects 
(Additional spending 
by Building 
Inspectors)  

6 $0.59 $0.70 $0.84 

Indirect Effect 
(Additional spending 
by firms supporting 
Building Inspectors)  

1 $0.15 $0.08 $0.13 
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Sub-Measure 
Type of Economic 

Impact  
Employment 

(jobs)  

Labor 
Income 

(millions 
$)  

Total 
Value 
Added 

(millions 
$) 

Output 

(millions $) 

Induced Effect 
(Spending by 
employees of 
Building Inspection 
Bureaus and 
Departments)  

3 $0.19 $0.34 $0.56 

Total Submeasure 
Impacts  

10 $0.83 $1.12 $1.53 

Roof 
Insulation 
Requirements 
for Low-
Sloped Roofs 

Direct Effects 
(Additional spending 
by Building 
Inspectors)  

3 $0.31  $0.36  $0.44  

Indirect Effect 
(Additional spending 
by firms supporting 
Building Inspectors)  

0 $0.02  $0.04  $0.07  

Induced Effect 
(Spending by 
employees of 
Building Inspection 
Bureaus and 
Departments)  

2 $0.10  $0.18  $0.29  

 
Total Submeasure 

Impacts  
5 $0.43  $0.58  $0.80 

Total Economic Impacts  27 $2.22 $3.00 $4.10 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.   
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Table 19: Estimated Impact that Adoption of the Proposed Roofing Submeasures would have on Discretionary Spending by 
California Residents 

Sub-Measure Type of Economic Impact  Employment (jobs)  
Labor Income 

(millions $)  

Total Value Added 

(millions $) 

Output 

(millions $) 

Cool Roof 
Requirements for 
Steep-Sloped 
Roofs 

Direct Effects (Additional 
spending by households)  

225 $11.66  $21.45  $34.56  

Indirect Effect (Purchases by 
businesses to meet 
additional household 
spending)  

80 $5.50  $9.13  $15.37  

Induced Effect (Spending by 
employees of businesses 
experiencing ñindirectò 
effects)  

92 $5.12  $9.16  $14.96  

Total Submeasure Impacts  397 $22.28  $39.74 $64.89  

Cool Roof 
Requirements for 
Low-Sloped 
Roofs 

Direct Effects (Additional 
spending by households)  

1,527 $79.03 $145.36 $234.19 

Indirect Effect (Purchases by 
businesses to meet 
additional household 
spending)  

543 $37.27 $61.89 $104.13 

Induced Effect (Spending by 
employees of businesses 
experiencing ñindirectò 
effects)  

621 $34.70 $62.09 $101.37 

Total Submeasure Impacts  2,691 $151.00 $269.34 $439.69 

Roof Insulation 
Requirements for 
Low-Sloped 
Roofs 

Direct Effects (Additional 
spending by households)  

1,849 $95.67  $175.97  $283.50  

Indirect Effect (Purchases by 
businesses to meet 

658 $45.12  $74.93  $126.06  
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Sub-Measure Type of Economic Impact  Employment (jobs)  
Labor Income 

(millions $)  

Total Value Added 

(millions $) 

Output 

(millions $) 

additional household 
spending)  

Induced Effect (Spending by 
employees of businesses 
experiencing ñindirectò 
effects)  

752 $42.01  $75.17  $122.72  

 Total Submeasure Impacts  3,259 $182.80  $326.07 $532.28  

Total Economic Impacts  6,347 $356.08 $635.15 $1,036.86 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.   
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2.2.4.1 Creation or Elimination of Jobs 

The Statewide CASE Team does not anticipate that the measures proposed for the 

2022 code cycle regulation would lead to the creation of new types of jobs or the 

elimination of existing types of jobs. In other words, the Statewide CASE Teamôs 

proposed change would not result in economic disruption to any sector of the California 

economy. Rather, the estimates of economic impacts discussed in Section 2.2.4 

would lead to modest changes in employment of existing jobs.     

2.2.4.2 Creation or Elimination of Businesses in California 

As stated in Section 1.1.1.1, the Statewide CASE Teamôs proposed change would not 

result in economic disruption to any sector of the California economy. The proposed 

change represents a modest change to cool roof and insulation requirements at roof 

replacement, which would not excessively burden or competitively disadvantage 

California businesses ï nor would it necessarily lead to a competitive advantage for 

California businesses. Therefore, the Statewide CASE Team does not foresee any new 

businesses being created, nor does the Statewide CASE Team think any existing 

businesses would be eliminated due to the proposed code changes to the California 

Energy Code.   

2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California 

The proposed code changes would apply to all businesses incorporated in California, 

regardless of whether the business is located inside or outside of the state.8 Therefore, 

the Statewide CASE Team does not anticipate that these measures proposed for 

the 2022 code cycle regulation would have an adverse effect on the competitiveness of 

California businesses. Likewise, the Statewide CASE Team does not anticipate 

businesses located outside of California would be advantaged or disadvantaged.  

2.2.4.4 Increase or Decrease of Investments in the State of California 

The Statewide CASE Team analyzed national data on corporate profits and capital 

investment by businesses that expand a firmôs capital stock (referred to as net private 

domestic investment, or NPDI).9 As Table 20 shows between 2015 and 2019, NPDI as 

a percentage of corporate profits ranged from 26 to 35 percent, and the average was 31 

percent. While only an approximation of the proportion of business income used for net 

 

8 Gov. Code, ÄÄ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR Ä 2003(a)(3) Competitive advantages or 

disadvantages for California businesses currently doing business in the state. 

9 Net private domestic investment is the total amount of investment in capital by the business sector that 

is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is 

the money left after a corporation pays its expenses.  
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capital investment, the Statewide CASE Team believes it provides a reasonable 

estimate of the proportion of proprietor income that would be reinvested by business 

owners into expanding their capital stock.  

Table 20: Net Domestic Private Investment and Corporate Profits, U.S.  

Year  
Net Domestic Private 

Investment by Businesses, 
Billions of Dollars  

Corporate Profits 
After Taxes, Billions 

of Dollars  

Ratio of Net Private 
Investment to 

Corporate Profits  

2015  609.3 1,740.4 35% 

2016  456.0 1,739.8 26% 

2017  509.3 1,813.6 28% 

2018  618.3 1,843.7 34% 

2019  580.9 1,827.0 32% 

   5-Year Average 31% 

Source: (Federal Reserve Economic Data n.d.) 

The estimated increase in investment in California is $36.2 million. The Statewide CASE 

Team does not anticipate that the economic impacts associated with the proposed 

measure would lead to significant change (increase or decrease) in investment in any 

directly or indirectly affected sectors of Californiaôs economy. Nevertheless, the 

Statewide CASE Team is able to derive a reasonable estimate of the change in 

investment by California businesses by multiplying the sum of Business Income 

estimated in Table 17 through Table 19 above by 31 percent.    

2.2.4.5 Effects on the State General Fund, State Special Funds, and Local 
Governments 

The Statewide CASE Team does not expect the proposed code changes to have a 

measurable impact on the Californiaôs General Fund, any state special funds, or local 

government funds.  

2.2.5 Cost of Enforcement  

Cost to the State  

State government already has budget for code development, education, and 

compliance enforcement. While state government would be allocating resources to 

update the Title 24, Part 6 Standards, including updating education and compliance 

materials and responding to questions about the revised requirements, these activities 

are already covered by existing state budgets. The costs to state government are small 

when compared to the overall costs savings and policy benefits associated with the 
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code change proposals. Because the proposed code change applies to residential 

buildings alone, impact to state buildings is not expected.  

Cost to Local Governments  

All revisions to Title 24, Part 6 would result in changes to compliance determinations. 

Local governments would need to train building department staff on the revised Title 24, 

Part 6 Standards. While this re-training is an expense to local governments, it is not a 

new cost associated with the 2022 code change cycle. The building code is updated on 

a triennial basis, and local governments plan and budget for retraining every time the 

code is updated. There are numerous resources available to local governments to 

support compliance training that can help mitigate the cost of retraining, including tools, 

training and resources provided by the IOU codes and standards program (such as 

Energy Code Ace). As noted in Section2.1.5 andAppendix E, the Statewide CASE 

Team considered how the proposed code change might impact various market actors 

involved in the compliance and enforcement process and aimed to minimize negative 

impacts on local governments.  

2.2.5.1 Impacts on Specific Persons 

While the objective of any of the Statewide CASE Teamôs proposal is to promote energy 

efficiency, the Statewide CASE Team recognizes that there is the potential that a 

proposed code changes may result in unintended consequences. The Statewide CASE 

Team does not expect that the proposed submeasures would result in negative impacts 

on specific persons.  

2.3 Energy Savings  

The energy and cost analysis presented in this report used the TDV factors that were 

released in the 2022 CBECC-Res research version that was released in December 

2019. These TDV factors were consistent with the TDV factors that the Energy 

Commission presented during their public workshop on compliance metrics held 

October 17, 2019 (California Energy Commission 2019). The electricity TDV factors did 

not include the 15 percent retail adder and the natural gas TDV factors did not include 

the impact of methane leakage on the building site, updates that the Energy 

Commission presented during their workshop on March 27, 2020. Presentations from 

Bruce Wilcox and NORESCO during the March 27, 2020 workshop indicated that the 15 

percent retail adder and methane leakage would result in most energy efficiency 

measures having slightly higher TDV energy and energy cost savings than using the 

TDV factors without these refinements. As a result, the TDV energy savings presented 

in this report are lower than the values that would have been obtained using TDV with 

the 15 percent retail adder and methane leakage, and the proposed code changes 

would be more cost effective using the revised TDV. The Energy Commission notified 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-SF-EAA-F | 42 

the Statewide CASE Team on April 21, 2020 that they were investigating further 

refinements to TDV factors using 20-year global warming potential (GWP) values 

instead of the 100-year GWP values that were used to derive the current TDV factors. It 

is anticipated that the 20-year GWP values may increase the TDV factors slightly 

making proposed changes that improve energy efficiency more cost effective. Energy 

savings presented in kWh and therms are not affected by TDV or demand factors.  

2.3.1 Key Assumptions for Energy Savings Analysis 

The energy savings analysis relies on results of California Building Energy Code 

Compliance (CBECC) software simulations to estimate energy use for single family and 

multifamily prototype buildings. Various scenarios were evaluated comparing different 

aged solar reflectance values and roof insulation values against a range of basecase 

conditions (attic and roof insulation level, duct location, and heating, ventilation, and air 

conditioning (HVAC) system efficiency).  The prototypes evaluated use natural gas for 

space heating, water heating, cooking, and clothes drying, and represent the majority of 

the existing residential buildings in California (see Appendix G for further details).  All 

sixteen climate zones were evaluated though ultimately, each submeasure is 

recommended only in a subset of climate zones based on the cost effectiveness results.  

2.3.2 Energy Savings Methodology 

2.3.2.1 Energy Savings Methodology per Prototypical Building 

The Energy Commission directed the Statewide CASE Team to model the energy 

impacts using specific prototypical building models that represent typical building 

geometries for different types of buildings. These prototypes represent new construction 

buildings and therefore in some cases, the prototypes were revised to better reflect the 

existing building stock relative to new construction. The prototype buildings that the 

Statewide CASE Team used in the analysis are presented in Table 21. Refer to 

Appendix G for further details on the prototypes.  

These proposals impact single family and multifamily buildings. In addition to the single 

family alteration prototype, the measures were evaluated for the low-rise garden 

prototype. The low-rise loaded corridor prototype was not evaluated because the energy 

savings and cost effectiveness are expected to be very similar to the low-rise garden 

prototype. 
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Table 21: Prototype Buildings Used for Energy, Demand, Cost, and Environmental 
Impacts Analysis 

Prototype 
Name 

Number of 
Stories 

Floor Area 

(ft2) 
Description 

Measures 
evaluated 

Single 
Family 
Alteration 

1 1,665 

Single story house. 8-ft 
ceilings. 2 variations: 
steep-sloped roof above 
attic with ducts in attic; 
low-sloped roof with 
ducts in conditioned 

space. 

Steep-sloped 
cool roof, Low-
sloped cool 
roof, Low-
sloped 
insulation 

Low-Rise 
Garden 
Multifamily 

2 6,960 

2-story, 8-unit 
apartment building. 
Average dwelling unit 
size: 870 ft2. Individual 
HVAC & DHW systems. 
2 variations: steep-
sloped roof above attic 
with ducts in attic; low-
sloped roof with ducts in 
conditioned space. 

Steep-sloped 
cool roof, Low-
sloped cool 
roof, Low-
sloped 
insulation 

The Statewide CASE Team estimated energy and demand impacts by simulating the 

proposed code change using the 2022 Research Version of the CBECC software for 

residential buildings (CBECC-Res for low-rise residential) (California Energy 

Commission 2019c).  

CBECC-Res generates two models based on user inputs: the Standard Design and the 

Proposed Design.10 The Standard Design represents the geometry of the design that 

the builder would like to build and inserts a defined set of features that result in an 

energy budget that is minimally compliant with 2019 Title 24, Part 6 code requirements. 

Features used in the Standard Design are described in the 2019 Residential ACM 

Reference Manual. The Proposed Design represents the same geometry as the 

Standard Design, but it assumes the energy features that the software user describes 

with user inputs. To develop savings estimates for the proposed code changes, the 

 

10 CBECC-Res creates a third model, the Reference Design, that represents a building similar to the 

Proposed Design, but with construction and equipment parameters that are minimally compliant with the 

2006 International Energy Conservation Code (IECC). The Statewide CASE Team did not use the 

Reference Design for energy impacts evaluations.  
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Statewide CASE Team created a Standard Design and Proposed Design for each 

prototypical building.  

There is an existing Title 24, Part 6 requirement that covers the building system in 

question, so the Standard Design is minimally compliant with the 2019 Title 24 

requirements with two exceptions for alterations. For single family buildings the 

Standard Design applied in this analysis differs from that calculated from the CBECC-

Res software in one respect. The existing condition building infiltration assigned to the 

existing home (10 ACH50) is not reflected in the CBECC-Res Standard Design 

calculation per the ACM rules. For multifamily buildings the Standard Design applied in 

this analysis differs from that calculated from the CBECC-Res software in one respect. 

Ductwork was located within the vented attic, which is common for this building type, 

while the CBECC-Res Standard Design for multifamily buildings assumes that ductwork 

is located within conditioned space. Therefore, two simulations were conducted for each 

submeasure: one to represent the revised Standard Design and another to represent 

the Proposed Design. Refer to Appendix G for additional details.  

The Proposed Design was identical to the Standard Design in all ways except for the 

revisions that represent the proposed changes to the code. Table 22 and Table 23 

present precisely which parameters were modified and what values were used in the 

Standard Design and Proposed Design. Specifically, the proposed conditions assume a 

new roof with a thermal emittance of 0.75 and a solar reflectance of 0.20 for steep-

sloped roofs and 0.65 for low-sloped roofs. For the roof insulation measure the 

proposed conditions assume R-14 continuous insulation above the roof deck and the 

roof reflectivity and emittance remain the same across the Standard and Proposed 

Design. 

Comparing the energy impacts of the Standard Design to the Proposed Design reveals 

the impacts of the proposed code change relative to a building that is minimally 

compliant with the 2019 Title 24, Part 6 requirements. 
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Table 22: Modifications Made to Standard Design in Each Prototype to Simulate 
Proposed Code Change for Cool Roofs 

Prototype ID 
Climate 
Zone 

Parameter Name 

Standard 
Design 

Parameter 
Value 

Proposed 
Design 

Parameter 
Value 

Single Family Alteration 
& Low-Rise Garden 
Multifamily: Steep-
Sloped 

All 

Attic: Sol 
Reflectance 

0.10 0.20 

Attic: IR 
Emittance 

0.85 0.75 

Single Family Alteration 
& Low-Rise Garden 
Multifamily: Low-Sloped 

All 

Cathedral Ceiling: 
Solar Reflectance 

0.10 0.65 

Cathedral Ceiling: 
IR Emittance 

0.85 0.75 

Table 23: Modifications Made to Standard Design in Each Prototype to Simulate 
Proposed Code Change for Roof Insulation 

Prototype ID 
Climate 
Zone 

Parameter Name 

Standard 
Design 
Parameter 
Value 

Proposed 
Design 

Parameter 
Value 

Single Family 
Alteration & Low-Rise 
Garden Multifamily: 
Low-Sloped 

All 

Construction Assembly 
(Cathedral Ceilings): 
Above Deck Insulation 

No 
insulation 

R14 
Sheathing 

Attic: Sol. Reflectance 0.10 0.10 

Attic: IR Emittance 0.85 0.85 

CBECC-Res calculates whole-building energy consumption for every hour of the year 

measured in kilowatt-hours per year (kWh/yr) and therms per year (therms/yr). It then 

applies the 2022 time dependent valuation (TDV) factors to calculate annual energy use 

in kilo British thermal units per year (TDV kBtu/yr) and annual peak electricity demand 

reductions measured in kilowatts (kW). CBECC-Res also generates TDV energy cost 

savings values measured in 2023 present value dollars (2023 PV$) and nominal dollars.  

The Statewide CASE Team simulated the energy impacts in every climate zone and 

applied the climate-zone specific TDV factors when calculating energy and energy cost 

impacts. 

Per unit energy impacts for single family buildings are presented in savings per 

prototype building. Per-unit energy impacts for multifamily buildings are presented in 

savings per dwelling unit. Annual energy and peak demand impacts for each prototype 

building were translated into impacts per dwelling unit by dividing by the number of 

dwelling units in the prototype building.  
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2.3.2.2 Statewide Energy Savings Methodology 

The per-unit energy impacts were extrapolated to statewide impacts using the 

Statewide Construction Forecasts that the Energy Commission provided (California 

Energy Commission 2019d). The Statewide Construction Forecasts estimate the size of 

the total existing building stock by building type and climate zone in 2023, the first year 

that the 2022 Title 24, Part 6 requirements are in effect. In order to translate per unit 

savings to statewide energy impacts, The Statewide CASE Team conducted research 

to determine appropriate weighting factors for each submeasure. Table 24 through 

Table 26 present the prototypical buildings and weighting factors used for the cool roof 

and roof insulation submeasures. The percent of building type represented by prototype 

is 100 percent for single family since there is only a single prototype. The portion of 

multifamily impacted  is based on the portion of total California multifamily dwelling units 

in buildings three stories or less, according to the CoStar database (CoStar 2018). The 

percent of prototype impacted by the proposed code change is estimated based on the 

2009 Residential Appliance Saturation Study (California Energy Commission 2009) to 

determine the breakdown between steep-sloped and low-sloped roofs and assuming 7 

percent of roofs are replaced annually (Roofing Contractor 2013). Appendix A presents 

additional information about the methodology and assumptions used to calculate 

statewide energy impacts. 

Table 24: Residential Building Types and Associated Prototype Weighting for the 
Steep-Sloped Cool Roof Submeasure 

Building 
Type ID from 
Statewide 
Construction 
Forecast 

Building Prototype for 
Energy Modeling 

Weighting Factors for Statewide Impacts 
Analysis 

% of Building 
Type 

Represented 
by Prototype 

% of Prototype 
Impacted by 
Proposed 

Code Change 

Total 
Weighting 
Factor 

Single Family Single Family Alteration 100% 1.58% 1.58% 

Multifamily Low-Rise Garden 84% 1.24% 1.04% 
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Table 25: Residential Building Types and Associated Prototype Weighting for the 
Low-Sloped Cool Roof Submeasure 

Building Type 
ID from 
Statewide 
Construction 
Forecast 

Building Prototype for 
Energy Modeling 

Weighting Factors for Statewide Impacts 
Analysis 

% of Building 
Type 

Represented 
by Prototype 

% of Prototype 
Impacted by 

Proposed Code 
Change 

Total 
Weighting 
Factor 

Single Family Single Family Alteration 100% 0.91% 0.91% 

Multifamily Low-Rise Garden 84% 3.19% 2.68% 

Table 26: Residential Building Types and Associated Prototype Weighting for the 
Low-Sloped Roof Insulation Submeasure 

Building Type 
ID from 
Statewide 
Construction 
Forecast 

Building Prototype for 
Energy Modeling 

Weighting Factors for Statewide Impacts 
Analysis 

% of Building 
Type 

Represented 
by Prototype 

% of Prototype 
Impacted by 

Proposed Code 
Change 

Total 
Weighting 
Factor 

Single Family Single Family Alteration 100% 0.83% 0.83% 

Multifamily Low-Rise Garden 84% 2.76% 2.32% 

2.3.3 Per-Unit Energy Impacts Results 

2.3.3.1 Cool Roofs at Roof Replacement 

Energy savings and peak demand reductions per unit are presented in Table 27 through 

Table 30. The per-unit energy savings figures do not account for naturally occurring 

market adoption or compliance rates. Positive values indicate energy savings while 

negative values indicate an increase in energy use. For the single family prototype per-

unit electricity savings for the first year for steep-sloped roofs are expected to range 

from -4 (an increase in electricity use) to 68 kWh/yr depending upon climate zone. 

Natural gas use increases from 0 to 5 therms/yr depending on climate zone. Peak 

demand reductions are expected to range between 0 kW and 0.051 kW depending on 

climate zone.  

Per-unit electricity savings for the first year for single family low-sloped roofs are 

expected to range from -66 (an increase in electricity use) to 706 kWh/yr depending 

upon climate zone. Natural gas use increases from 12 to 81 therms/yr depending on 

climate zone. Peak demand reductions are expected to range between 0 kW and 0.383 

kW depending on climate zone.  
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Since this submeasure reduces heat gain through the roofing surface and into the 

building, heating energy use increases, which is why there is an increase in natural gas 

use in all climate zones. There is also an increase in electricity use in Climate Zone 1, 

which is due to an increase in heating fan energy use. 

These savings figures are relative to an existing building with R-19 attic or roof 

insulation and ducts in the attic. As is discussed in Appendix G, these measures were 

evaluated against a base case with both R-11 and R-19 insulation.  

Table 27: Steep-Sloped Cool Roof First-Year Energy Impacts Per Home ï Single 
Family Alteration  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (4) 0.000  (4.6) (1,532) 

2 28  0.017  (1.1) 1,615  

3 3  0.008  (1.5) 499  

4 55  0.051  (0.9) 2,747  

5 2  0.000  (1.5) (283) 

6 43  0.034  (0.5) 1,632  

7 38  0.029  (0.4) 1,315  

8 68  0.027  (0.1) 3,596  

9 63  0.044  (0.2) 3,546  

10 N/A N/A N/A N/A 

11 N/A N/A N/A N/A 

12 N/A N/A N/A N/A 

13 N/A N/A N/A N/A 

14 N/A N/A N/A N/A 

15 N/A N/A N/A N/A 

16 28  0.026  (1.7) 216  
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Table 28: Steep-Sloped Cool Roof First-Year Energy Impacts Per Dwelling Unit ï 
Low-Rise Garden Multifamily  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (0) 0.000  (0.6) (200) 

2 15  0.005  (0.1) 948  

3 4  0.003  (0.2) 261  

4 22  0.013  (0.1) 1,488  

5 3  0.001  (0.2) 78  

6 18  0.010  (0.1) 618  

7 18  0.005  (0.0) 505  

8 28  0.003  0.0  1,618  

9 27  0.020  (0.0) 1,114  

10 N/A N/A N/A N/A 

11 N/A N/A N/A N/A 

12 N/A N/A N/A N/A 

13 N/A N/A N/A N/A 

14 N/A N/A N/A N/A 

15 N/A N/A N/A N/A 

16 13  0.004  (0.3) 209  
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Table 29: Low-Sloped Cool Roof First-Year Energy Impacts Per Home ï Single 
Family Alteration  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (66) (0.001) (81.2) (27,989) 

2 228  0.164  (42.1) 3,413  

3 18  0.043  (31.8) (2,631) 

4 470  0.378  (25.8) 12,920  

5 (2) 0.002  (37.8) (11,622) 

6 365  0.255  (14.0) 10,023  

7 330  0.270  (11.6) 8,558  

8 636  0.315  (17.4) 22,378  

9 563  0.383  (21.8) 14,868  

10 701  0.275  (22.6) 16,966  

11 706  0.340  (28.7) 17,882  

12 529  0.368  (31.0) 13,203  

13 N/A N/A N/A N/A 

14 644  0.350  (41.9) 13,886  

15 N/A N/A N/A N/A 

16 244  0.262  (63.2) (14,902) 
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Table 30: Low-Sloped Cool Roof First-Year Energy Impacts Per Dwelling Unit ï 
Low-Rise Garden Multifamily  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 (7) 0.001  (15.3) (5,229) 

2 107  0.052  (8.0) 2,175  

3 28  0.022  (5.5) 244  

4 135  0.088  (4.7) 3,097  

5 27  0.020  (6.5) (1,027) 

6 126  0.063  (2.2) 3,228  

7 121  0.070  (1.5) 3,228  

8 194  0.073  (3.2) 5,916  

9 174  0.089  (4.0) 4,550  

10 204  0.058  (4.6) 4,750  

11 185  0.066  (5.9) 4,594  

12 157  0.092  (6.3) 4,159  

13 N/A N/A N/A N/A 

14 174  0.045  (8.8) 3,950  

15 N/A N/A N/A N/A 

16 99  0.060  (12.5) (1,862) 

2.3.3.2 Roof Insulation at Low-Sloped Roof Replacement 

Energy savings and peak demand reductions per unit are presented in Table 31 through 

Table 32. The per-unit energy savings figures do not account for naturally occurring 

market adoption or compliance rates. Single family prototype per-unit savings for the 

first year are expected to range from 88 to 2,078 kWh/yr and 15 to 128 therms/yr 

depending upon climate zone. Demand reductions are expected to range between 

0.002 kW and 0.462 kW depending on climate zone.  

These savings figures are relative to an existing building with R-11 attic or roof 

insulation. As is discussed in Appendix G, these measures were evaluated against a 

baseline with both R-11 and R-19 insulation. The results from the R-11 baseline 

analysis were used to define the climate zones where the proposed code change 

applies; results from the R-19 baseline were used to qualify some of the allowable 

exceptions. Additional analysis results can be found in Appendix H. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-SF-EAA-F | 42 

Table 31: Low-Sloped Roof Insulation First-Year Energy Impacts Per Home ï 
Single Family Alteration  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 88 0.002 99.0 36,697 

2 451 0.177 64.9 48,635 

3 112 0.059 50.4 28,888 

4 626 0.295 45.9 44,272 

5 91 0.012 48.8 20,929 

6 446 0.133 20.6 22,661 

7 408 0.117 16.1 16,983 

8 805 0.132 22.5 47,519 

9 746 0.357 28.5 42,591 

10 969 0.136 34.0 47,286 

11 1,106 0.288 67.0 68,898 

12 823 0.359 61.8 58,791 

13 1,389 0.462 45.7 72,261 

14 1,006 0.321 68.2 68,864 

15 2,078 0.233 14.6 75,524 

16 445 0.164 127.8 56,310 
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Table 32: Low-Sloped Roof Insulation First-Year Energy Impacts Per Dwelling 
Unit ï Low-Rise Garden Multifamily  

Climate 
Zone 

Electricity 
Savings 

(kWh/yr) 

Peak Electricity 
Demand Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

1 18 0.001 26.4 9,527 

2 143 0.040 16.4 12,119 

3 41 0.018 12.2 6,490 

4 155 0.044 11.3 10,118 

5 42 0.015 12.0 5,429 

6 124 0.009 4.6 5,107 

7 110 0.010 3.1 3,358 

8 216 0.009 5.4 11,458 

9 198 0.079 7.0 10,022 

10 258 0.004 8.5 11,736 

11 273 0.053 17.1 16,721 

12 216 0.079 15.8 14,538 

13 352 0.073 11.8 17,618 

14 254 0.020 17.5 16,922 

15 510 0.045 3.6 17,826 

16 117 0.017 32.7 14,007 

2.4 Cost and Cost Effectiveness 

2.4.1 Energy Cost Savings Methodology 

Energy cost savings were calculated by applying the TDV energy cost factors to the 

energy savings estimates that were derived using the methodology described in Section 

2.3.2. TDV is a normalized metric to calculate energy cost savings that accounts for the 

variable cost of electricity and natural gas for each hour of the year, along with how 

costs are expected to change over the period of analysis (30 years for residential 

measures). The TDV cost impacts are presented in 2023 present value dollars and 

represent the energy cost savings realized over 30 years. TDV energy cost factors of 

0.173 2023 PV$/kBtu were applied. 

2.4.2 Energy Cost Savings Results 

2.4.2.1 Cool Roofs at Roof Replacement 

Per-unit energy cost savings for newly constructed buildings and alterations that are 

realized over the 30-year period of analysis are presented in 2023 dollars in Table 33 
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through Table 36. Positive values indicate cost savings while negative values (in red 

parenthesis) indicate an increase in cost. Further analysis showing the value in nominal 

dollars can be found in Appendix I. The TDV methodology allows peak electricity 

savings to be valued more than electricity savings during non-peak periods.  

Table 33: Steep-Sloped Cool Roof 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis Per Home ï Single Family Alterations  

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 ($17) ($248) ($265) 

2 $343  ($63) $279  

3 $176  ($89) $86  

4 $527  ($52) $475  

5 $35  ($84) ($49) 

6 $314  ($32) $282  

7 $251  ($23) $228  

8 $631  ($9) $622  

9 $625  ($12) $614  

10 N/A N/A N/A 

11 N/A N/A N/A 

12 N/A N/A N/A 

13 N/A N/A N/A 

14 N/A N/A N/A 

15 N/A N/A N/A 

16 $127  ($89) $37  
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Table 34: Steep-Sloped Cool Roof 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis Per Dwelling Unit ï Low-Rise Garden Multifamily  

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 ($2) ($33) ($35) 

2 $169  ($5) $164  

3 $57  ($12) $45  

4 $262  ($5) $257  

5 $24  ($11) $14  

6 $111  ($5) $107  

7 $90  ($3) $87  

8 $280  $0  $280  

9 $193  $0  $193  

10 N/A N/A N/A 

11 N/A N/A N/A 

12 N/A N/A N/A 

13 N/A N/A N/A 

14 N/A N/A N/A 

15 N/A N/A N/A 

16 $50  ($14) $36  
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Table 35: Low-Sloped Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year 
Period of Analysis Per Home ï Single Family Alterations  

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 ($317) ($4,525) ($4,842) 

2 $3,065  ($2,474) $590  

3 $1,420  ($1,875) ($455) 

4 $3,773  ($1,538) $2,235  

5 $199  ($2,209) ($2,011) 

6 $2,587  ($853) $1,734  

7 $2,195  ($714) $1,481  

8 $4,928  ($1,057) $3,871  

9 $3,889  ($1,316) $2,572  

10 $4,309  ($1,374) $2,935  

11 $4,790  ($1,697) $3,094  

12 $4,116  ($1,832) $2,284  

13 N/A N/A N/A 

14 $4,923  ($2,520) $2,402  

15 N/A N/A N/A 

16 $1,080  ($3,658) ($2,578) 
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Table 36: Low-Sloped Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year 
Period of Analysis Per Dwelling Unit ï Low-Rise Garden Multifamily  

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 ($48) ($856) ($905) 

2 $850  ($474) $376  

3 $370  ($328) $42  

4 $819  ($283) $536  

5 $203  ($381) ($178) 

6 $694  ($135) $558  

7 $653  ($95) $558  

8 $1,218  ($194) $1,023  

9 $1,028  ($241) $787  

10 $1,103  ($281) $822  

11 $1,145  ($351) $795  

12 $1,096  ($376) $719  

13 N/A N/A N/A 

14 $1,215  ($531) $683  

15 N/A N/A N/A 

16 $403  ($725) ($322) 

2.4.2.2 Roof Insulation at Low-Sloped Roof Replacement 

Per-unit energy cost savings for newly constructed buildings and alterations that are 

realized over the 30-year period of analysis are presented in 2023 dollars in Table 37 

through Table 38. Further analysis showing the value in nominal dollars can be found in 

Appendix I. The TDV methodology allows peak electricity savings to be valued more 

than electricity savings during non-peak periods.  

These savings figures are relative to an existing building with R-11 attic or roof 

insulation. As is discussed in Appendix G, these measures were evaluated against a 

baseline with both R-11 and R-19 insulation. Additional analysis results can be found in 

Appendix H. 
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Table 37: Low-Sloped Roof Insulation 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis Per Home ï Single Family Alterations  

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 $495 $5,853 $6,349 

2 $4,491 $3,923 $8,414 

3 $1,953 $3,045 $4,998 

4 $4,871 $2,788 $7,659 

5 $677 $2,944 $3,621 

6 $2,659 $1,262 $3,920 

7 $1,947 $991 $2,938 

8 $6,844 $1,377 $8,221 

9 $5,628 $1,740 $7,368 

10 $6,104 $2,077 $8,180 

11 $7,849 $4,070 $11,919 

12 $6,421 $3,750 $10,171 

13 $9,713 $2,788 $12,501 

14 $7,763 $4,151 $11,914 

15 $12,173 $893 $13,066 

16 $2,085 $7,656 $9,742 
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Table 38: Low-Sloped Roof Insulation 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis Per Dwelling Unit ï Low-Rise Garden Multifamily 

Climate 
Zone 

30-Year TDV Electricity 
Cost Savings 

(2023 PV$) 

30-Year TDV Natural 
Gas Cost Savings 

(2023 PV$) 

Total 30-Year TDV 
Energy Cost Savings 

(2023 PV$) 

1 $95 $1,553 $1,648 

2 $1,105 $992 $2,097 

3 $382 $741 $1,123 

4 $1,066 $685 $1,750 

5 $218 $721 $939 

6 $604 $280 $883 

7 $391 $190 $581 

8 $1,651 $331 $1,982 

9 $1,308 $426 $1,734 

10 $1,508 $522 $2,030 

11 $1,851 $1,042 $2,893 

12 $1,558 $957 $2,515 

13 $2,328 $719 $3,048 

14 $1,862 $1,066 $2,927 

15 $2,863 $221 $3,084 

16 $471 $1,952 $2,423 

2.4.3 Incremental First Cost 

2.4.3.1 Cool Roofs at Roof Replacement 

Incremental costs for this measure reflect the difference between replacing a standard 

roof that does not meet the prescriptive minimum aged solar reflectance and thermal 

emissivity values with one that does. For steep-sloped roofs, the costs are based on 

asphalt shingles, which are used on approximately 80 percent of homes in the U.S 

(Levinson, et al. 2016). Estimated costs were collected from previous research reports 

including recent reach code analysis ( (TRC 2016a) (TRC 2016b) (Statewide Reach 

Code Team 2019)) and the 2013 residential cool roof CASE Report (Statewide CASE 

Team 2011a), one roofing contractor during stakeholder interviews, and online product 

research. Incremental costs for cool roofing products ranged from $0 to $0.55 per 

square foot of roof relative to non-cool products. The high end of this range, $0.55 per 

square foot, was a cost point in Climate Zone 3 where costs are substantially higher 

than the rest of the state. The estimated incremental cost used in this analysis is $0.19 

per square foot of roof. This is based on an average of all the cost points for a 0.20 

solar reflectance product obtained from the Statewide CASE Teamôs research and 
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normalized to the regions where this measure is proposed, specifically Climate Zones 4, 

8 and 9. This covers material costs only; there is no incremental labor cost for this 

measure. 

For low-sloped roofs the costs are based on an asphaltic roofing product, either a built-

up roof or modified bitumen roof, with a cap sheet. This roof type is used for incremental 

cost purposes based on a 2019 Freedonia Group study that reported 94 percent of total 

residential re-roofing low-sloped demand was represented by asphaltic roofing products 

in 2018 nationwide (Freedonia Group 2019). A TPO or EPDM membrane type roof is 

generally more expensive than asphalt; however, there is no incremental cost for a 

membrane cool roof as most of the products available meet the minimum 0.63 aged 

solar reflectance cool. Estimated costs were collected from previous research reports 

including recent reach code analysis (TRC 2016b),the 2013 nonresidential cool roof 

CASE Report (Statewide CASE Team 2011b), and two roofing contractor during 

stakeholder interviews. Costs ranged from $0.17 to $0.84 per square foot of roof. The 

estimated incremental cost used in this analysis is $0.53 per square foot of roof, which 

is the estimate provided by a roofing contractor for an asphalt-based cap sheet product. 

This covers material costs; there is no incremental labor cost for this measure. For 

projects installing single ply roofing products the incremental cost will be significantly 

lower or zero. 

Table 39 summarizes the total cost for the single family and low-rise multifamily 

prototypes for both the steep-sloped and low-sloped cool roof measures and the 

assumptions for roof area. Roof area for the steep-sloped prototypes is based on a 5:12 

pitch roof. 

Table 39: First Cost Summary for Cool Roofs  

 

Steep-
Sloped 

Single 
Family 

Steep-
Sloped 

Multifamily 
(building) 

Low-
Sloped 
Single 
Family 

Steep-
Sloped 

Multifamily 
(building) 

Incremental cost per square foot 
of roof area 

$0.189 $0.189 $0.525 $0.525 

Square foot of roof area  1,804 4,176 1,665 3,480 

Total Incremental First Cost $341 $790 $874 $1,827 

2.4.3.2 Roof Insulation at Low-Sloped Roof Replacement 

Incremental costs for this measure reflect the difference between installing a new roof 

on an existing low-sloped roof with and without above roof deck insulation. Cost 

estimates were obtained from online product research and interviews with stakeholders. 

The estimated incremental cost used in this analysis is $3.41 per square foot of roof. 

Material costs of $2.12 per square foot of roof are based on cost data found online. The 
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labor cost of $1.29 per square foot of roof is extrapolated based on costs provided by 

roofing contractors for installation of above roof deck insulation on steep-sloped roofs. 

The steep-sloped labor costs were roughly doubled to be conservative and arrive at the 

$1.29 figure. 

Table 40 summarizes the total cost for the single family and low-rise multifamily 

prototypes for the low-sloped roof insulation measure and the assumptions for roof 

area.  

Table 40: First Cost Summary for Low-Sloped Roof Insulation 

 Single Family Multifamily(building) 

Incremental cost per square foot of roof area $3.406 $3.406 

Square foot of roof area 1,665 3,480 

Total Incremental First Cost $5,671 $11,853 

2.4.4 Incremental Maintenance and Replacement Costs  

Incremental maintenance cost is the incremental cost of replacing the equipment or 

parts of the equipment, as well as periodic maintenance required to keep the equipment 

operating relative to current practices over the 30-year period of analysis. The present 

value of equipment maintenance costs (savings) was calculated using a 3 percent 

discount rate (d), which is consistent with the discount rate used when developing the 

2022 TDV. The present value of maintenance costs that occurs in the nth year is 

calculated as follows: 

0ÒÅÓÅÎÔ 6ÁÌÕÅ ÏÆ -ÁÉÎÔÅÎÁÎÃÅ #ÏÓÔ  -ÁÉÎÔÅÎÁÎÃÅ #ÏÓÔ  
ρ

ρ Ä
 

2.4.4.1 Cool Roofs at Roof Replacement 

Research, based on conversations with stakeholders, industry data, and manufacturer 

warranties, shows that asphalt shingles have a typical lifetime of 15 years to 30 years.  

Lifetime depends on the installation quality as well as the grade of roofing product. For 

this analysis an average lifetime of 20 year is assumed for an asphalt shingle roof. The 

present values of the replacement costs at year 20 are calculated and based on the 

incremental installed cost of $0.19 per square foot. At the end of the 30-year analysis 

period the roof replaced at year 20 has a remaining life of 10 years. The remaining 

value of this roof is calculated and subtracted from the total incremental cost. The total 

present value of the incremental cost for this code change proposal is $0.26 per square 

foot, see Table 41 for details. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-SF-EAA-F | 42 

Table 41: Steep-Sloped Cool Roof Summary of Replacement Cost  

 
Steep-sloped Asphalt 
Shingle Cool Roof 

Incremental First Cost $0.189 / square foot 

Present Value of Replacement Cost at Year 20 $0.105 / square foot 

Present Value of Remaining Useful Life at Year 30 ($0.039) / square foot 

Total Present Value of Incremental Cost $0.255 / square foot 

For the low-sloped cool roof submeasure, research and interviews with stakeholders 

indicated that the life of a low-sloped roof is dependent on the installation quality. 

Various sources referenced lifetimes of up to 20 years for both modified bitumen and 

membrane roofs; an expected useful life of 15 years is used for this analysis. The 

present values of the replacement costs at year 15 are calculated and based on the 

incremental installed cost of $0.53 square foot. The total present value of the 

incremental cost for this code change proposal is $0.86 per square foot, see Table 42 

for details. 

Table 42: Low-Sloped Cool Roof Summary of Replacement Cost  

 
Low-sloped Modified 
Bitumen Cool Roof 

Incremental First Cost $0.525 / square foot 

Present Value of Replacement Cost at Year 15 $0.337 / square foot 

Total Present Value of Incremental Cost $0.862 / square foot 

2.4.4.2 Roof Insulation at Low-Sloped Roof Replacement 

There are no incremental maintenance or replacement costs associated with this 

measure. Insulation has an expected useful life of 30 years or greater. 

2.4.5 Cost Effectiveness 

This measure proposes a prescriptive requirement. As such, a cost analysis is required 

to demonstrate that the measure is cost effective over the 30-year period of analysis.  

The Energy Commission establishes the procedures for calculating cost effectiveness. 

The Statewide CASE Team collaborated with Energy Commission staff to confirm that 

the methodology in this report is consistent with their guidelines, including which costs 

were included in the analysis. The incremental first cost and incremental maintenance 

costs over the 30-year period of analysis were included. The TDV energy cost savings 

from electricity and natural gas savings were also included in the evaluation. 

Design costs were not included nor were the incremental costs of code compliance 

verification.  
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According to the Energy Commissionôs definitions, a measure is cost effective if the 

benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the 

cost benefits realized over 30 years by the total incremental costs, which includes 

maintenance costs for 30 years. The B/C ratio was calculated using 2023 PV costs and 

cost savings.  

2.4.5.1 Cool Roofs at Roof Replacement 

Results of the per-unit cost-effectiveness analyses are presented in Table 43 through 

Table 48. Negative values are presented in red parenthesis. Red values without 

parenthesis indicate a B/C ratio less than 1.0. 

For the single-family prototype, the proposed steep-sloped cool roof submeasure saves 

money over the 30-year period of analysis relative to a basecase roof that is not cool 

roof rated in Climate Zones 4, 8, and 9 for single family buildings and 2, 4, 8, and 9 for 

multifamily buildings. The low-sloped submeasure saves money over the 30-year period 

of analysis relative to a basecase roof that is not cool roof rated in Climate Zones 4, 6 

through 12, and 14 for single family buildings and 2, 4, 6 through 12 and 14 for 

multifamily buildings.  
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Table 43: Steep-Sloped Cool Roof 30-Year Cost-Effectiveness Summary Per 
Home ï Single Family Alterations  

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 ($265) $460  (0.58) 

2 $279  $460  0.61  

3 $86  $460  0.19  

4 $475  $460  1.03  

5 ($49) $460  (0.11) 

6 $282  $460  0.61  

7 $228  $460  0.49  

8 $622  $460  1.35  

9 $614  $460  1.33  

10 N/A  N/A  N/A  

11 N/A  N/A  N/A  

12 N/A  N/A  N/A  

13 N/A  N/A  N/A  

14 N/A  N/A  N/A  

15 N/A  N/A  N/A  

16 $37  $460  0.08  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost savings 
over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other savings are 
discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include incremental first-
cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost 
savings if PV of proposed maintenance costs is less than PV of current maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, replacement, 
and maintenance costs over the period of analysis. Costs are discounted at a real (inflation-
adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of current 
maintenance costs. If incremental maintenance cost is negative, it is treated as a positive benefit. If 
there are no total incremental PV costs, the B/C ratio is infinite.  
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Table 44: Steep-Sloped Cool Roof 30-Year Cost-Effectiveness Summary Per 
Dwelling Unit ï Low-Rise Garden Multifamily  

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 (0.26) (0.26) (0.26) 

2 1.23  1.23  1.23  

3 0.34  0.34  0.34  

4 1.93  1.93  1.93  

5 0.10  0.10  0.10  

6 0.80  0.80  0.80  

7 0.66  0.66  0.66  

8 2.10  2.10  2.10  

9 1.45  1.45  1.45  

10 N/A  N/A  N/A  

11 N/A  N/A  N/A  

12 N/A  N/A  N/A  

13 N/A  N/A  N/A  

14 N/A  N/A  N/A  

15 N/A  N/A  N/A  

16 0.27  0.27  0.27  

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost savings 
over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other savings are 
discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include incremental first-
cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost 
savings if PV of proposed maintenance costs is less than PV of current maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, replacement, 
and maintenance costs over the period of analysis. Costs are discounted at a real (inflation-
adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of current 
maintenance costs. If incremental maintenance cost is negative, it is treated as a positive benefit. If 
there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.  
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Table 45: Low-Sloped Cool Roof 30-Year Cost-Effectiveness Summary Per Home 
ï Single Family Alterations  

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 ($4,842) $1,435  (3.37) 

2 $590  $1,435  0.41  

3 ($455) $1,435  (0.32) 

4 $2,235  $1,435  1.56  

5 ($2,011) $1,435  (1.40) 

6 $1,734  $1,435  1.21  

7 $1,481  $1,435  1.03  

8 $3,871  $1,435  2.70  

9 $2,572  $1,435  1.79  

10 $2,935  $1,435  2.05  

11 $3,094  $1,435  2.16  

12 $2,284  $1,435  1.59  

13 N/A  N/A  N/A  

14 $2,402  $1,435  1.67  

15 N/A  N/A  N/A  

16 ($2,578) $1,435  (1.80) 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 
savings are discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include 
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 
maintenance cost savings if PV of proposed maintenance costs is less than PV of current 
maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of 
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive 
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  
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Table 46: Low-Sloped Cool Roof 30-Year Cost-Effectiveness Summary Per 
Dwelling Unit ï Low-Rise Garden Multifamily  

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 ($905) $375  (2.41) 

2 $376  $375  1.00  

3 $42  $375  0.11  

4 $536  $375  1.43  

5 ($178) $375  (0.47) 

6 $558  $375  1.49  

7 $558  $375  1.49  

8 $1,023  $375  2.73  

9 $787  $375  2.10  

10 $822  $375  2.19  

11 $795  $375  2.12  

12 $719  $375  1.92  

13 N/A  N/A  N/A  

14 $683  $375  1.82  

15 N/A  N/A  N/A  

16 ($322) $375  (0.86) 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 
savings are discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include 
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 
maintenance cost savings if PV of proposed maintenance costs is less than PV of current 
maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of 
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive 
benefit. If there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.  

2.4.5.2 Roof Insulation at Low-Sloped Roof Replacement 

Results of the per-unit cost-effectiveness analyses are presented in Table 47 through 

Table 48. These savings figures are relative to an existing building with R-11 attic or 

roof insulation. As is discussed in Appendix G, these measures were evaluated against 

a baseline with both R-11 and R-19 insulation. Additional analysis results can be found 

in Appendix H. Red values without parenthesis indicate a B/C ratio less than 1.0. 
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For the single family and multifamily prototype the proposed submeasure saves money 

over the 30-year period of analysis relative to the existing conditions in Climate Zones 1, 

2, 4, and 8 through 16.  

Table 47: Low-Sloped Roof Insulation 30-Year Cost-Effectiveness Summary Per 
Home ï Single Family Alterations 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $6,349 $5,671 1.12 

2 $8,414 $5,671 1.48 

3 $4,998 $5,671 0.88 

4 $7,659 $5,671 1.35 

5 $3,621 $5,671 0.64 

6 $3,920 $5,671 0.69 

7 $2,938 $5,671 0.52 

8 $8,221 $5,671 1.45 

9 $7,368 $5,671 1.30 

10 $8,180 $5,671 1.44 

11 $11,919 $5,671 2.10 

12 $10,171 $5,671 1.79 

13 $12,501 $5,671 2.20 

14 $11,914 $5,671 2.10 

15 $13,066 $5,671 2.30 

16 $9,742 $5,671 1.72 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 
savings are discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include 
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 
maintenance cost savings if PV of proposed maintenance costs is less than PV of current 
maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of 
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive 
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  
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Table 48: Low-Sloped Roof Insulation 30-Year Cost-Effectiveness Summary Per 
Dwelling Unit ï Low-Rise Garden Multifamily 

Climate 
Zone 

Benefits 

TDV Energy Cost Savings + 
Other PV Savingsa 

(2023 PV$) 

Costs 

Total Incremental PV 
Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

1 $1,648 $1,481 1.11 

2 $2,097 $1,481 1.42 

3 $1,123 $1,481 0.76 

4 $1,750 $1,481 1.18 

5 $939 $1,481 0.63 

6 $883 $1,481 0.60 

7 $581 $1,481 0.39 

8 $1,982 $1,481 1.34 

9 $1,734 $1,481 1.17 

10 $2,030 $1,481 1.37 

11 $2,893 $1,481 1.95 

12 $2,515 $1,481 1.70 

13 $3,048 $1,481 2.06 

14 $2,927 $1,481 1.98 

15 $3,084 $1,481 2.08 

16 $2,423 $1,481 1.64 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other 
savings are discounted at a real (nominal ï inflation) 3 percent rate. Other PV savings include 
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV 
maintenance cost savings if PV of proposed maintenance costs is less than PV of current 
maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of 
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive 
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.  

2.5 First-Year Statewide Impacts 

2.5.1 Statewide Energy and Energy Cost Savings 

The Statewide CASE Team calculated the first-year statewide savings for new 

construction by multiplying the per-unit savings, which are presented in Section 2.3.3, 

by assumptions about the percentage of existing buildings that would be impacted by 

the proposed code. The statewide existing building forecast for 2023 is presented in 
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Appendix A, as are the Statewide CASE Teamôs assumptions about the percentage of 

existing buildings that would be impacted by the proposal (by climate zone and building 

type). Negative values are presented in red parenthesis.  

The first-year energy impacts represent the first-year annual savings from all buildings 

that were completed in 2023. The 30-year energy cost savings represent the energy 

cost savings over the entire 30-year analysis period. The statewide savings estimates 

do not take naturally occurring market adoption or compliance rates into account.  

Table 49 through Table 51 present the first-year statewide energy and energy cost 

savings by climate zone.  

Table 49: Steep-Sloped Cool Roof Statewide Energy and Energy Cost Impacts 

Climate 
Zone 

Statewide 
Existing Building 
Stock Impacted 
by Proposed 

Change in 2023 

(single family & 
multifamily: units) 

First-
Yeara 

Electricity 
Savings 

(GWh) 

First-Year 
Peak 

Electrical 
Demand 
Reduction 

(MW) 

First-Year 
Natural Gas 
Savings 

(MMtherms) 

30-Year 
Present 
Valued 

Energy Cost 
Savings 

(million 2023 
PV$) 

1 N/A N/A N/A N/A N/A 

2  2,100   0.03   0.01  (0.00) $0.34 

3 N/A N/A N/A N/A N/A 

4  27,706   1.29   1.16  (0.02) $11.68 

5 N/A N/A N/A N/A N/A 

6 N/A N/A N/A N/A N/A 

7 N/A N/A N/A N/A N/A 

8  42,923   2.59   0.97  (0.00) $23.81 

9  65,660   3.58   2.49  (0.01) $33.48 

10 N/A N/A N/A N/A N/A 

11 N/A N/A N/A N/A N/A 

12 N/A N/A N/A N/A N/A 

13 N/A N/A N/A N/A N/A 

14 N/A N/A N/A N/A N/A 

15 N/A N/A N/A N/A N/A 

16 N/A N/A N/A N/A N/A 

TOTAL  138,389   7.50   4.64   (0.03) $69.32 

a. First-year savings from all buildings completed statewide in 2023. 
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Table 50: Low-Sloped Cool Roof Statewide Energy and Energy Cost Impacts 

Climate 
Zone 

Statewide 
Existing 

Building Stock 
Impacted by 
Proposed 

Change in 2023 

(single family 
& multifamily: 

units) 

First-Yeara 
Electricity 
Savings 

(GWh) 

First-Year 
Peak 

Electrical 
Demand 
Reduction 

(MW) 

First-Year 
Natural Gas 
Savings 

(MMtherms) 

30-Year 
Present 
Valued 
Energy 
Cost 

Savings 

(million 
2023 PV$) 

1 N/A N/A N/A N/A N/A 

2 3,181 0.34 0.17 (0.03) $1.20 

3 N/A N/A N/A N/A N/A 

4 13,684 3.99 3.06 (0.20) $18.22 

5 N/A N/A N/A N/A N/A 

6 22,861 5.30 3.39 (0.17) $24.70 

7 16,397 3.50 2.59 (0.10) $15.82 

8 35,508 14.84 6.95 (0.37) $87.59 

9 62,985 18.98 11.70 (0.62) $86.43 

10 15,617 6.51 2.36 (0.19) $26.95 

11 3,669 1.26 0.55 (0.05) $5.48 

12 17,057 5.55 3.69 (0.30) $24.34 

13 N/A N/A N/A N/A N/A 

14 4,396 1.73 0.82 (0.11) $6.53 

15 N/A N/A N/A N/A N/A 

16 N/A N/A N/A N/A N/A 

TOTAL 195,355 62.00 35.28 (2.13) $297.27 

a. First-year savings from all buildings completed statewide in 2023. 






























































































































































































































































































































































































































































































































































































































